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ABSTRACT

This study discusses the design and implementation of an Intelligent Computer-

Assisted Instruction system for cardiopulmonary resuscitation. Utilizing artificial-

intelligence techniques, the system combines a learning-while-doing environment with

effective guidance of tutorial interactions.

The user's knowledge of CPR procedures is tested at one of three experience level-

utilizing a randomly generated scenario. Using means-ends analysis, the recommended

action is determined for each successive state in the scenario. This action is compared

with the user's selection. If a difference exists, an hypothesis is formulated concerning

the cause and severity of the difference. This hypothesis guides the tutoring module in

the selection of a tutoring strategy.

An on-line review of CPR procedures is available, as is a help function to provide

direction to the user if needed. At the end of a session, a summary of the user's actions is

provided.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in this research may not

have been exercised for all cases of interest. While every effort has been made, within

the time available, to ensure that the programs are free of computational and logic errors,

they cannot be considered validated. Any application of these programs without

additional verification is at the risk of the user.
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I. INTRODUCTION

Computer-based instruction can dramatically alter the way we learn and teach. A

significant advantage of using the computer in the realm of education and training is that

it allows for interactive learning for all students. The needs of each student can be met

by individualizing the learning experience. In the typical classroom environment there

are relatively few opportunities for such interaction between the teacher and the student.

Private human tutors can provide this one-on-one interaction; however, they can be cost-

prohibitive. The human tutor is also limited in the knowledge they can possess.

Computerized instructors, however, can capture the knowledge of many experts and can

provide interactive, individualized instruction.

With such enormous potential, one might ask why computers have not had more of

an impact in the world of education. Computer-based instruction has been available for

many years. The -,apact of this instructional media, however, has been small. There are

many possible reasons for this lack of positive impact. One answer lies in the ability to

thihk. The processes of teaching and learning ire fundamentally cognitive activities. To

successfully teach, computers must be able to capture the skill of "thinking".

The intent of this thesis is to explore the feasibility of instruction via a "thinking"

computer utilizing cardiopulmonary resuscitation (CPR) as the application domain. The

reason for this choice of application is its real life applicability to a wide range of

students.

A. CPR

The leading cause of death in the United States is cardiovascular disease. It is

estimated that a million and a half Americans will have heart attacks each year and one
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.,rd of these people will die. This equates to a death rate of 1500 people every day from

heart attacks alone. In addition to heart attacks, victims of other situations such as

drowning accidents, electrocution, drug overdose and poisoning may also go into cardiac

arrest. Most of these victims who die from a cardiovascular failure do so before they

ever reach trained medical personnel and emergency equipment. It is therefore the

chance bystander who can play a critical role in reducing this death rate by being able ro

recognize cardiac emergencies, provide proper first aid, and call for medical services.

If a person's heart stops for any reason, cardiopulmonary resuscitation (CPR) must

be started immediately. CPR is needed to keep oxygen supplied to the brain and other

body organs until more advanced emergency medical treatment is available. Knowing

how to inmmediately provide correct CPR procedures when confronted with an

emergency can mean the difference between life and death for many victims. [Ref. I I

Formal CPR classes are an important method for teaching these correct procedures

Demonstrated public interest in learning CPR is high and more people are being trained

in the correct procedures. However, in most cases when a cardiac arrest occurs, CPR is

not started by bystanders, but is delayed until trained medical personnel arrive on the

scene, This suggests that even people trained in correct CPR procedures may lack the

confidence to use their skills in an emergency. [Ref. 21

It is the intent of this thesis to provide an intelligent computer-assisted instruction

system, not to replace currently available CPR course,, but to supplement them. This

one-on-one tutoring is designed to raise the confidence level of the user so that when

confronted with an emergency, critical minutes will not be lost. An intelligent

computer-assisted instruction system can offer several unique advantages over the more

traditional classroom approaches. The 24-hour availability of such a system affords the

user the scheduling flexibility of receiving training at their convenience. The system,
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unlike a human tutor or instructor, never loses patience with the student and can provide

undivided attention at all times. The system also has the capability to test the student un

unusual occurrences. many of which are more likely to occur when the student is allowed

to pursue their own ideas rather than be streamlined through the correct or "logical"

sequence of actions.

B. METHODOLOGY

In designing and implementing a computerized instruction system for CPR,

henceforth referred to as the CPR Tutor, artificial intelligence (AI) techniques

implemented in the Prolog programming language were utilized. A computer program

such as this is referred to as intelligent computer-assisted instruction (ICAI) system or an

intelligent tutoring system (ITS). Both terms will be used interchargeably throughout

this study. The development of such a system focuses primarily on the problems of

knowledge representation, student misconceptions, and inferencing [Ref. 31.

The basic components of the CPR Tutor are the student model, the expert module,

the tutor module, and the user interface. The student model represents what the student

does or does not know. The comparison of the student model with the expert module

generates discrepancies that are analyzed by the tutor. The tutor provides appropriate

feedback and updates the student model accordingly. The user interface serves as a

buffer between the user and the CPR Tutor.

Programmed with information provided by the American Red Cross [Ref. It] the

CPR Tutor can randomly generate various emergcncy situations. The situation is

displayed to the user as a list of facts. The CPR Tutor can prompt the user for an action

in the stated situation, require a more detailed description of the action from the user, or

provide assistance to the user in selecting the most correct action. After the user has

entered their action selection in the given situation, the CPR Tutor will compare the

3



user's choice with that of the expert module. Based on this comparison, the user gets

umnediate results of their action in the form of a positive acknowledgement for the

preferred response, a warning statement of varying se' erity for an incorrect response, or

a message indicating the users response differs from the expert but the system will pursue

the user's approach to the situation.

The CPR Tutor was organized into four primary files: cpr, mecpr, metutor, and

utilities. The cpr, mnecpr, and a portion of the utilities files were developed by the author

to provide the CPR domain knowledge as well as the overall structure of the user

interface. This Prolog code was developed to operate in conjunction with a generic

means-ends analysis tutoring system, metutor, developed by Professor Rowe of the Naval

Postgraduate School. Minor modifications were made to the metutor file to accommodate

a menu-driven user interface and to include a limited amount of CPR domain specific

tutorial responses in addition to the general tutoring strategies already present.

C. PREVIEW

Chapter II provides background information on CPR and the method by which it is

currently taught by the American Red Cross.' Also included is a description of the the

training format used in the American Red Cross Adult CPR course. Chapter 11 provides

a background on computer-assisted instruction (CAI). This includes a review of

computer-based instruction (CBI) and intelligent computer-assisted instruction (ICAI),

these two are compared and contrasted, and specific applications of each are introduced.

Chapter IV discusses the actual design and implementation of CPR Tutor. Chapter V

discusses use of the CPR Tutor. Issues of expandability and portability of the system aUe

addressed, as well as limitations and benefits of the system. Chapter VI is the summary

'See References I and 2 for a detailed description of these procedures.
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and provides a final discussion of the research questions. Appendices A through C

present user sessions. Demonstrations are offered at each of the three user levels: novice.

intermediate, and advanced. Appendix D contains the Prolog source code for CPR Tutor

developed by the author. Appendix E contains the Prolog source code developed by

Professor Rowe.
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11. OVERVTEW OF COMPUTER-ASSISTED INSTRUCTION

A. BACKGROUND

The use of the computer for teaching dates back to the late 1950Os. The most

common label for computer assistance in teaching and in the learning process is CAI,

referring to computer-assisted instruction or, equally commonly, computer-aided

instruction. CBI, computer-based instruction, is also used in reference to this sane

instruction. Other labels which are used include CAL, where "learning" replaces

"instruction" and thus places a greater emphasis on the activities initiated by the learner

than on the instructional materials created by the teacher-author. Replacing "instruction"

wvith "education" as in CAE or CBE, computer-based education, similarly shifts the

implication to infer a wider variety of computer uses, including administrative data

processing and materials production as well as student use of computers. If emphasis is

to be placed on the computer assisting the teacher in managing instruction, computer-

managed instruction, CMI, is the more appropriate label. [Ref. 41

Intelligent computer-assisted instruction, ICAI, refers to the more recent form of

computer delivered instruction. ICAI utilizes artificial intelligence technology applied to

instruction. To provide greater distinction and differentiation between this more recent

approach and the older, more traditional ones, the descriptive phrases ICAI and CBI will

be used throughout the remainder of this study.

B. COMPUTER-VASED INSTRUC7TON

Traditional computer-based instructional systems tend to be designed and

implemented by educational psychologists or technologists. Designed to solve practical

problems by applying computer technology, a basic theme of CBI is that "tie computer is
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neither instruction nor a method of instruction; it is merely a vehicle of instruction".

[Ref. 51 Although many different types of instructional strategies have been applied in

CBI. the most prevalent have been based on the common approaches practiced in schools

and training environments. The basic principle being that the instructor should

successfully communicate their knowledge to the student to achieve the objectives within

the imposed constraints. The success of the system is primarily determined by its degree

of instructional effectiveness and efficiency. This teacher-centered approach requires the

student to first understand the teacher's instruction and reinforce this understanding

through practice. In this approach, the student has little or no initiative in the

instructional process [Ref.3:pp.24-291.

The early CBI systems were developed primarily as a supplement to the principal

instructional process. Taking the form of programmed-instruction paradigms, the

formats of these systems were either electronic "page turners", which simply printed

prepared text, or drill-and-practice, which printed problems and utilized prestored

answers and remedial comments to respond to the student's solution (Ref.6:p.2251. As

CBI has since evolved to become a main instructional delivery system, as opposed to

merely a supplemental system, the format has diversified. In addition to the drill-and-

practice approach, CBI formats now include tutorial, games, and simulations.

C. ICAI SYSTEMS

ICAI is a more recent form of computer-assisted instruction. Evolving from the

field of computer science, it is an example of the application of artificial-intelligence

technology to instruction. The basic philosophies underlying the structures and

development processes are therefore fundamentally different from traditional CBL. The

focus of ICAI projects has been on the technical and instructional aspects of the system

as opposed to the domain features. Many ICAI projects have, however, also sought to
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better understand the cognitive processes involved in learning and teaching. It can thus

be asserted that ICAI programs actually lie at the intersection of computer science.

cognitive psychology, and educational research. [Ref. 31

1. Structural Methodology

Although ICAI programs often bear little outward resemblance to each other,

most of these systems deal with similar issues and contain similar functional

components. A typical ICAI system contains three primary components: tile

representation of knowledge, the provision of instruction, and the modeling of learning

behavior. These components are commonly referred to as the expert module, the tutor

module, and the student model respectively. In addition to these three components, a

student interface is also necessary. Figure 2.1 depicts a generalization of the components

in an ICAI system [Ref. 31.

a. Expert Module

The expert module is the encapsulation of the domain expert, containing

the knowledge that the system is attempting to impart to the student. It is this module

that generates "problems" and is used to evaluate the correctness of the student response.

If a fully developed ICAI system is to be maximally effective, several experts in the

domain should be members of the development team, to overcome the incomplete

knowledge or conceptual vacuums that are often present in a sole expert. The domain

knowledge found in textbooks is also often incomplete as well as idealized and, as such,

is inappropriate as the primary knowledge source for a truly effective and operational

ICAI system. [Ref. 71

b. Tutor Module

A distinguishing feature of ICAI systems is the separation of the expert

knowledge from the teaching strategies. An Al system that is an expert in a particular

domain is not necessarily an expert teacher of the same domain. The acquisition of
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USER TUTORIAL
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BASE ENGINE I

INPUT

Figure 2.1 ICAI System Components

sufficient and correct teaching expertise has been a long-term problem for builders of

tutoring systems [Ref. 71. Multiple teaching strategies exist and no single strategy is

appropriate for every domain. Each state in the domain, as well as each student, must be

assessed if an appropriate teaching strategies are to be employed. It is therefore the task

of the teaching expert. the tutor module, to choose the next strategy. This includes
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providing diagnostics, questioning the student further or in more detail, and presenting

new information. A central issue in the design of this module is the appropriateness of

providing hrunediate responses to the student's action as opposed to temporarily

allowing the student to continue down an incorrect path without interruption.

ICAI systems mainly use two types of instructional strategies although

many other strategies do exist and have been used. The two basic classifications are the

Socratic, tutorial method and the coaching method. The Socratic method involves

questioning the student and guiding them through the process of debugging their own

misconceptions. Wenger [Ref.8:p.391 summarizes this method by stating:

In the Socratic method, the tutor does not teach a subject by direct exposition, but leads
the student by successive questions to formulate general principle on the basis of
individual cases, to examine the validity of her own hypothesis, to discover
contradictions, and finally to extract correct inferences from the facts she knows.

The student is thus encouraged to reason about what they know and thereby modify their

conceptions.

The goal of coaching is to encourage the acquisition of skills and general

problem-solving abilities by engaging the student in activities such as computer games.

The immediate aim of the student is to have fun; skill acquisition and learning is, by

design, an indirect consequence. Tutoring comes about through appropriate interruptions

by the coach that offer new information or suggest new strategies. Primary challenges in

using this instructional method lie in being able to "observe" the student's play of the

game, determining what skills or knowledge the student is likely to acquire based on

their playing skills, and judging effective times and means for intercession.

[Ref.6:pp.233-2351

c. Student Model

The primary focus of the student model is to represent what the student

does and (toes not know, or the student's understanding of the material being taught. The

10



purpose of modeling the student is to enable specific assessments to be made of the

student's knowledge of the domain and to hypothesize about their misconceptions and

the reasoning strategies they employed. The tutor module is thereby able to point out

misconceptions and make suggestions. The model is generally constructed by comparing

the student's response in a given state to that of the expert in the same state, the expert

being contained in the expert module. This techniques is referred to as the "overlay

model." [Ref.3:p.171

2. Applications

The impetus of the development of ICAI systems was SCHOLAR, a Socratic

tutor designed to teach students about South American geography. It was th! pionce'ing

effort in the development of tutorial dialogues capable of handling unanticipated student

questions and of generating instructional materials in varying levels for the student.

Developed in the 1970, SCHOLAR is on of the earliest ICAI systems and, as such, was

instrumental in setting the basic themes and goals for the field. [Refs.6, 8]

An extension of SCHOLAR, WHY tutors students in the causes of rainfall.

Also implementing the Socratic tutoring method, WHY made the effort to describe the

global strategies used by human tutors to guide the tutorial dialogue. Although it

remained primarily theoretical, WHY represented the first attempt at capturing a

complete tutorial strategy as complex as the Socratic method in a concise, rule-based

computational model. [Refs.6, 8]

SOPHIE was developed to explore the student initiative during the tutorial

interaction. The pedagogical purpose in SOPHIE was to provide a reactive learning

environment in which the student could try out their own ideas, have them critiqued, and

receive advice. Set in the domain of troubleshooting electronic circuits, this -

allowed the student the chance to apply their theoretical knowledge of electronic laws in

11



a simulated electronics laboratory. Students were challenged to explore their own ideas

and to come up with conjectures or hypotheses about troubleshooting strategies for

electronic circuits. The role of the expert was to provide detailed feedback as to the

logical validity of their proposed solutions. With roots going back to the early 1970s,

SOPHIE went through three successive phases spanning more than five years. The

research it spawned continues today. [Refs.8, 9]

Initiated in the context of SOPHIE, which was originally meant to include a

troubleshooting coach, WEST was the first ICAI system to use the coaching strategy.

The domain of electronics was viewed as too complex for a first computer-based

investigation ito the ,trategy of coaching, hence WEST was developed to coach

students in elementary arithmetic. Another ICAI system that used the coaching strategy

was WUMPUS. which challenged the student in the domains of logic, probability,

decision theory and geometry. [Refs.6, 91

GUIDON was a program developed to teach diagnostic problem-solving. Its

mixed-initiative dialogue differs from the other ICAI systems listed above in its use of

prolonged, structural teaching. It went beyond simply responding to the student's last

move, the methodology used in WEST and WUMPUS, and the repetitive questioning

and answering technique used in SCHOLAR and WHY. The uniqueness of GUIDON,

however, was in its attempt to turn an existing expert system, MYCIN, into an intelligent

tutor. GUIDON demonstrated the inappropriateness of using just an expert system's

knowledge base as the expert module of an ICAI system without supplementation to help

explain and organize the knowledge in the process of teaching. [Refs.6, 91

While a complete ICA system has the three primary components, not all

systems do. PROUST and STEAMER are two such examples: they do not contain

tutoring functions. PROUST is a knowledge-based system to find nonsyntactic bugs in

12



Pascal programs written by beginning programmers. The key idea of STEAMER is the

conception of an interactive inspectable simulation of a steam propulsion system. Its

primary concern is how people understand and reason about complex systems as well as

how interactive graphical interfaces might support the development of useful mental

models. Started in the late 1970s, STEAMER is not yet an operational system. However,

it is considered of significant importance in the field of ICAI because it called for a very

careful look at what aspects of AI technology are actually ready for application in the

design and implementation of an in-tnrctional system. [Ref. 31

OBIE-I:KNOBE was the first generic system to enable the construction of

realistic, dynamic representations of real devices. Intelligent simulations previous to it

were not generalized. They were specifically designed and built with only the immediate

subject domain in mind. [Ref. 101

One system which has been fully implemented, tested and is in use, although

still being augmented based on formal student evaluations, in nearly sixty industrial sites

across the United States is RBT, Recovery Boiler Tutor. The tutor is based on a

mathematical formulation of a type of boiler found in paper mills. It provides an

interactive simulation in which emergencies can result from inappropriate student

responses. An unusual point about this system is its use of Fortran and C as the

implementation languages. [Ref. 7]

D. COMPARISON AND CONTRAST OF CBI AND ICAI

I. Focus

Traditional CBI has been developed primarily by educational psychologists

and technologists. The role of the computer has generally been that of a vehicle for

efficient implementation. As an older, more established field, textbooks are available

which suggest detailed guidelines, procedures and principles which should be followed in

13



designing a CBI system. The overall goal of a CBI system is thus the usability of an

effective and efficient system [Ref. 51.

ICAI, in contrast, has primarily been a computer science initiative in the

application of Al technology in the educational/instructional process. The focus has been

on the technical aspects such as knowledge representation techniques, inferencing

mechanisms, natural language dialogues, etc.

2. Subiect Matter Domain

CBI systems have been developed for a wide range of subject areas, including

math and sciences as well as the arts. The subject matter is, in fact, virtually unlimited.

The application domain of ICAI systems have generally been limited to subject areas

which are themselves relatively well-structured. With the emphasis being on the Al

technology rather than a specific domain, subject matter areas have primarily been

selected due to their appropriateness for the Al technique being researched. The

emphasis has thus been more on the process itself, rather than the end result.

[Ref.3:p.28]

3. Format

The early CBI programs were used generally as a supplement to the principal

instructional method. The basic format was drill and practice, serving to reinforce the

material that was previously presented by the instructor. CB1 has since evolved into a

main instructional delivery system and the format has correspondingly diversified.

Common CBI formats now include intrinsic and extrinsic games; physical, situational

and process simulations; and tutorials in addition to drill and practice. [Ref.3:p.271

ICAJ does not tend to use the simulation nor the drill and practice formats.

Instead, these systems tend to fall into the category of either a tutorial or a game.

Although both CBI and ICAI systems use these latter two formats, the methodology and
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purpose are different. In a CBI tutorial, the questions are used to reinforce the material

that has been provided by computer-based instruction. These questions are always

initiated by the system, answered by the student, and are directly related to the presented

material. The computer does not "know" the subject matter but merely presents blocks of

text. Questions are posed to the student based on a predetermined algorithmic process.

ICAI systems, on the other hand, take a more dynamic approach. Attempting to carry on

a series of question and answer exchanges, many ICAI systems can carry on a natural

language, or pseudo-natural language, dialogue with the student. Not only does the

system ask questions of the student, but the student is also able to direct questions to the

system. In addition to allowing greater flexibility, ICAI systems utilize these question-

and-answer exchanges to make a determination of what the student understands and

direct the instructional process accordingly. [Ref.3:pp.2 4 -27]

Intrinsic games are used in CBI as a means of teaching gaming rules and/or

skills. Extrinsic games are used primarily to maintain the motivation of the student. The

use of games in ICAI systems is similar to the use of extrinsic games in CBI systems, the

purpose being to provide a "reactive learning environment". The difference is that in

ICAI systems, students are expected to develop a higher level of knowledge. The games

are generally designed to allow the student the ability to explore and test their own ideas

and thus, control the instructional process to a greater degree. [Ref.3:pp.27-28]

4. System Design Structure

Traditional CBI structure is frame-oriented. It is organized as a file of screens

to be presented to the student. A more dynamic approach is taken by an ICAI system.

The design structure is the combination of a knowledge database with a transaction

series for using the database [Ref. I I1. Thus, a distinguishing feature of ICAI systems is

the separation of the teaching strategy(s) from the subject expertise to be taught [Ref. 61.
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5. Development Process

The development of most CBI programs has utilized a systems

approach [Ref. 51. This approach requires several steps of procedural activities.

Included in this process is a needs analysis, followed by the design and development as

well as the implementation. Evaluations are conducted throughout the various stages.

No such generalized procedure can describe the development of ICAI systems

In addition to the fact that very few 1CAI systems have been chronologically or

systematically documented, the inherent difference in goals plays a significant role. The

development of each ICAJ system has been guided by the specific goals and skills of the

individual researchers as well as the actual characteristics of the application domain. The

development process has, therefore, varied among the various ICAI projects.

In comparing the development time required for CBI and ICAI, it is estimated

that the first hour of a CBI system requires approximately two hundred hours of

programmer preparation, an amount probably exceeded by the preparation tune required

for an ICAI system. Each additional hour of instruction in a CBI system requires an

additional two hundred hours of programmer preparation. ICAI systems, by comparison.

are designed to utilize a single piece of knowledge in many ways. Therefore, each

additional hour of instruction can be expected to require relatively less prograrrunet

preparation time. [Ref. 7]

6. Hardware and Software

A driving force in the development of computer delivered instruction hitq

always been the evolution of computer technology. CBI systems of the 1960s and 1970s

utilized special computer systems developed primarily for CBI, such as PLATO.

TICCIT, and IBM 1500. Each of these early systems also has their own programming

language specifically designed for authoring CBI systems. These were, respectively.
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TUTOR, APT/TAL and Coursewriter. These systems, with the exception of IBM 1500,

are still in use today. With much lower associated costs, microcomputers, however, have

become the most commonly used system for both development and implementation. In

addition to the system-specific languages, three other levels of software are currently

used. These are: 1) general-purpose languages such a Pascal, C, FORTRAN and BASIC,

2) system-independent CBI languages, and 3) authoring systems that provide facilities,

without requiring programming skills to develop CBI courses of instruction. Although

exceptions exist, ICAI systems, with their emphasis on the application of Al technology,

have primarily been developed on special Al hardware or computers supporting an Al

language. The software has been, for the most part, limited to LISP and Prolog.

[Ref.3:pp.29-30]
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1II. OVERVIEW OF CPR

It is estimated that one out of every five Americans has some form of cardiovascular

disease and one out of every two people will die from a heart attack or a related disease.

As such, it is the leading cause of death in the United States. It is estimated that forty

percent of cardiac arrest victims could be saved if CPR was immediately provided and

the initiation of advanced life support measures by qualified medical personnel followed

within eight to ten minutes. [Ref. 1]

A. PURPOSE

Cardiopulmonary resuscitation is the combination of artificial respiration and

manual artificial circulation. It is a means of supplying oxygen to the body when a

person's heart has stopped. By breathing oxygen into the victim's lungs, oxidated blood

can then be circulated through the victim's body by manually compressing and releasing

on the lower half of the sternum CPR does not "revive" victims nor does it restart the

heart. CPR does, however, provide critical life-sustaining oxygen to the brain and other

body organs until advanced life support systems provided by professional medical

personnel can get the heart restarted. Thus, the twofold purpose of CPR is 1) keeping the

lungs supplied with oxygen when breathing has stopped and 2) keeping blood circulatuig

and carrying oxygen to the brain, heart, and other body parts. [Ref. I

B. PROCEDURES

Cardiopulmonary resuscitation is a combination of rescue breathing in which

oxygen is artificially breathed into the victim and manual chest compressions which keep

oxygen-carrying blood flowing through the blood vessels. The external cardiac

compressions consist of the application of rhythnic pressure over the lower half of the
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sternum, compressing the heart and producing a pulsatile artificial circulation. Artificial

ventilation achieved through rescue breathing must always be provided in conjunction

with external cardiac compressions. [Ref. 11

To achieve maximum effectiveness in the performance of CPR, actions by the

rescuer must be deliberate and precise. Attention to detail is vital. The order of actions

and the number of repetitions is not arbitrary. The following paragraphs list the actions,

henceforth referred to as operators, which are the basics of CPR. Figures 3.1 and 3.2

summarize the sequencing of actions.

Check unconsciousness is the first operator recommended in the process of

providing CPR. The determination of consciousness or unconsciousness will dictate

which further actions may be required. Although a conscious person may require first

aid, CPR is not applicable. If the person should lose consciousness and no pulse nor

breathing is observed, CPR should be initiated immediately.

Yell for help is performed to beckon assistance. If assistance is available, they can

be instructed to phone emergency medical services. If assistance is not available, it will

be necessary for the rescuer to perform CPR for at least one minute and then temporarily

cease CPR to contact the paramedics personally. This operator is ideally performed after

unconsciousness is checked. However, it can also be correctly applied prior to the check

unconsciousness operator.

Position victim is a prerequisite to to the proper performance of CPR. It is

impossible to accurately judge whether or not a victim is breathing unless they are on

their back. Chest compressions also require the victin to be on their back.

For breaths provided by the resuer to be effeztive, the airway must be open.

Therefore, it is necessary for the rescuer to perform the operator open airway.
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Figure 3.1 CPR Procedural Flowchart - Part One
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assistance assistance

unavailable availahbi

LOCATE COMPRESSION INSTRUCT SOMEONE TO

POSITION PHONE PARAMEDIC

4 +
PERFORM FIFTEEN LOCATE COMPRESSION

COMPRESSIONS POSITION

4 4
GIVE BREATHS PERFORM FIFTEEN

4 COMPRESSIONS
PERFORM THREE COMPRESSION 4

BREATHING CYCLES GIVE BREATHS

4 4
CHECK PULSE PERFORM THREE COMPRESSION

no pu se pulse BREATHING CYCLES

TEMPORARILY PERFORMEhvERGENCY CHECK PULSE

CEASE CPR BREATHING no pulse ulse
4 

Irandom generationlN

PHONE PARAMEDIC no pulse PERFORMEMERGENCY

BREATHING
(random generation]

bno pulse

I,
GIVE BREATHS

PERFORM COMPRESSION BREATHING CYCLES

RECHECKING PULSE EVERY FEW MINUTES

[random generation]
parameocs on scene

Figure 3.2 CPR Procedural Flowcha-t - Part Two
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If a person is breathing, CPR is never applicable. In fact, performing chest

compressions on a breathing victim may result in serious injuries. Prior to performing

CPR on an unconscious person it is therefore necessary to check for breathing.

Standby to assist is not an actual CPR operator. It is performed only as a default.

It is used when the victim is breathing and is not bleeding.

The operator give two breaths is performed multiple times throughout the CPR

process. When breathing ceases, artificial breathing by the rescuer is necessary to

maintain a flow of oxygen within the victim's body. Oxygen is forced through the body

by compressions performed by the resuer on the sternum. To be effective, the victim's

airway must be open and unobstructed.

If breaths into the victim do not successfully go in, it is necessary for the rescuer to

use the operator retilt head. This is the first action to be taken in attempt to successfully

enable oxygen to enter the victim's body. It is followed by a second attempt of the give

two breaths operator.

In the event of an obstructed airway, perform abdominal thrusts is an operator to

dislodge a foreign object. Abdominal thrusts are performed after first retilting the

victim's head and a second attempt to provide two breaths is unsuccessful. After

performing abdominal thrusts, the object, if present, should be removed by performing a

finger sweep.

Perform finger sweep is conducted following the abdominal thrusts. The intent is

to dislodge a possible object which may be blocking the victim's airway and preventing

oxygen from entering the body.

The operator check pulse is a necessary step in the CPR procedure because

performing chest compressions on a victim who has a pulse can result in serious medical

complications. Emergency breathing should be provided to a victim who has a pulse but
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is not breathing. For the victim who is not breathing and who does not have a pulse.

CPR procedures should be initiated itmnediately.

When the heart ceases beating, blood no longer circulates, which deprives the body

of oxygen. The victim will stop breathing due to a shutdown of the respiratory system.

A person with no pulse will thus not be breathing. However, a person who is not

breathing may have a pulse. In this case, it is necessary for the rescuer to perform

emergency breathing. This is a high level operator which actually consists of the

repetitive use of give two breaths operator as well as the recheck pulse operator. This

cycle is performed until such time as the victim is breathing on their own or their pulse

has also stopped, in which case chest compressions associated with CPR become

applicable.

One of the two options for contacting professional medical services is instruct

someone to phone paramedic. If assistance is available, they should be instructed to

contact professional emergency medical services after the resuer has determined the vital

signs of the victim.

The second option for contacting professional medical services is for the rescuer

themselves to phone paramedic. If assistance is not available, it is necessary for the

rescuer to first perform CPR for at least one minute and then temporarily cease CPR to

contact professional emergency medical services. CPR should then be immediately

resumed.

Temporarily cease CPR is not a CPR operator per se, It is performed by the

rescuer if assistance is not available and they must personally contact professiomd

medical services. As such, it is only performed in conjunction with the phone paramedic

operator.
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Locate compression position is a prerequisite to the perfonrmance of chest

compressions. Not locating the correct position could nullify the significance of

performing chest compressions.

Perform fifteen compressions causes the the oxygen the rescuer has breathed into

the victim to be forced throughout the body. Prior to performing these compressions, the

correct compression position must be located.

The essence of CPR is perform compression/breathing cycles. This consists of

the rescuer providing breaths to the victim, followed by chest compressions to force the

oxygen through the victim's body. Chest compressions should never be performed on a

person with a pulse. Therefore, periodic checks for a pulse should be performed. This

higher level operator is used in the latter portion of the CPR procedure. It's used in lieu

of multiple instantiations of the two low level operators, perform fifteen compressions

and give two breaths.

Recheck pulse is performed to ensure chest compressions are not performed on a

victim with a pulse. If compressions are performed on a person with a pulse, serious

medical complications may arise.

Stop bleeding is not actually a CPR operator, but is included to provide more

realism. It is important for a rescuer to realize that CPR always takes precedence over

other first aid actions. It is performed only if the victim is bleeding and is also breathing.

The rescuer must be primarily concerned with the pulse and breathing of the victim.

Bleeding must be ignored if the victim has no pulse rate and/or is not breathing.

C. TRAINING PROGRAMS

The American Red Cross Adult CPR course was designed for the general public.

Anyone thirteen years of age or older or who has completed the seventh grade and

expresses an interest in learning CPR procedures is encouraged to take the course. The

24



duration of the course is six hours and can be taught in either one session or split into two

three hour sessions. To maintain Red Cross certification, retraining is required on an

annual basis. The course includes three components: a student workbook, six films, and

practice sessions. Participants read the workbook and answer review questions at the end

of each chapter. Films are interspersed throughout the course. They include real-life

emergencies and show demonstrations of the first aid skills being taught. Practice

sessions and skill tests allow students to actually practice the learned skills. Each student

must also pass a written test to receive a course completion certificate. [Ref. I]
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IV. CPR TRAINING: AN ICA! APPROACH

A. SYSTEMS ORGANIZATION

The CPR Tutor is an ICAI system which utilizes the Socratic tutoring methodology.

It was developed and implemented on a Digital Equipment Corporation VAX

minicomputer using the C-Prolog language. The design is based on the interaction of the

four primary modules discussed in chapter two, section C. These are:

1. Expert Module

2. Tutor Module

3. Student Model

4. User Interface

Figure 4.1 illustrates the interrelationships of these modules. Also shown is their file

location in the CPR Tutor program. 2

B. EXPERT MODULE

The expert module of an ICAI system consists of two major parts. These are the

inference engine and the knowledge base.

1. Inference Engine

The inference engine used in the CPR Tutor prototype is an application of

means-ends analysis, a classic technique used to solve search problems by abstraction.

Using double recursion to decompose the CPR procedure, means-ends analysis reasons

top-down from abstract goals, with the "ends justifying the means." The means-ends

analysis Prolog program used in the CPR Tutor prototype was written by Professor

2See Appendices D and E for a listing of these file-.

26



Ii q _

EXPERT MODULE
INFEENC KNOWLEDGE

ENGINE aAS5E

Expert Solution Domain Knowledge4 4 l
E TUTOR MODULE

PerceivedUpdate
UStudent Understanding

STDNT MO DEL

Student Responses metutor Generate State
Description- i O~SER

INTERFACE
cpr, metutor,actions,qult, help

[STUDENT j

Figure 4.1 CPR Tutor Structural Model
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Rowe. The top-level rule is a recursive means-ends predicate of four arguments: State,

Goal, Oplist and Goalstate. The State is a complete list of the facts which are true in a

state. In the CPR Tutor prototype the single fact person-collapsed was chosen to be the

starting state. The Goal is a list of facts that are required to be true in the goal state (or

partial description of the goal state). The Goal chosen for the CPR application was

victim is breathing and or paramedic is on scene. The Oplist is the list of operators that

are required to reach the goal state from the starting state. This list is always initially the

same. However, it changes as random substitutions of facts are made. The Goalstate is

the complete list of facts which are true in the goal state. [Ref. 121

Professor Rowe [Ref.12 :p.27 10] describes the operation of the means-ends

program as follows:

This recursive program has a single basis step (the first line), which says we don't need
any operators to solve a problem in which the starting state includes all the goal facts.
The rest of the lines are a single induction step, which...has two recursive calls: the
first for the preconditions, the second for the postconditions. The lines say to first
compute the list of facts different between State and Goal, and find a recommended
operator for some subset of those facts. Look up the preconditions of the operator and
recursively call means-ends to figure how to satisfy them. Then look up the deletion
postconditions and delete them from the final state resulting from the precondition
recursion; look up the addition postconditions, and add them to that state. Now we
have the state after application of the original recommended operator. So recursively
call means-ends to figure how to get from here to the original goal. The final operator
list for the whole problem is the appending together of the precondition-recursion
operator list.

A complete listing of this unchanged program used as the inference engine in the expert

module in CPR Tutor is contained in Appendix E.

2. Knowledge Base

Cardiopulmonary resuscitation is a combination of artificial respiration and

manual artificial circulation. These two primary actions can be further decomposed into a

series of basic sub-actions, the application of which is not arbitrarily ordered. CPR can be

considered a procedural evolution from a starting state to a goal state via intermediary

states. Because most of these abstracted states are strongly ordered in the CPR process.
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there exists nearly a unique recommended solution path, i.e., recommended application

of operators from the start state to the goal state. Deviations from this path L tile

means-ends program can occur only as a result of a random side effect. One example of

such a random change in state is a deletion of the fact victim is breathing and the addition

of the fact victim is not breathing. When the victim is breathing no action, other than to

standby to assist, is required of the rescuer. However, it is necessary that the rescuer be

knowledgeable of what actions are necessary should the victim cease breathing. The

random generation indicated above is designed to test the student's knowledge of what to

do in this event and prompts the continuance of the tutoring session.

The knowledge-base operators must be clearly identifiable and there must

exist a recommended ordering among them. This recommended order, however, need not

be predetermined by a list. Instead, each operator has one or more associated

recommended predicates.

recommended([<resultant-fact>], <operator>).

which indicate the facts that application of the operator will help achieve.

Also associated with each operator must be a precondition fact and a

postcondition fact. 3 Preconditions are the prerequisites required for the application of

the operator. Postconditions are the changes that occur when an operator is applied.

Two-argument facts identify preconditions. The first argument is the operator

and the second argument is the list of applicable prerequisites for the application of the

3 'Te recommended, precondition, and postcondition predicates are necessary input to Professor Rowe*s means-
ends analysis program which serves as the expel module's inference engine. As such. the formats of ench are
predetermined.
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specified operator. The format for precondition facts is as follows:

preconditionk<operator>,[<prereq-factl>,<prereq-fact2>....]).

If no precondition exists for an operator, i.e., it can be applied at any time, the null

condition, [], is used. The precondition facts used in the CPR Tutor prototype are

displayed in Figure 4.2.~

Postconditions can either add new facts, delete facts, do both, or do neither

Two kinds of postconditions are thus associated with each operator, addpostconditions

precondition(check if-breathing,
[on~back(v ictim), open(airway), not(breathmng(victim)), not( stopped-breathing )J)

precondition(recheck.pulse,
[unconscious(victini), performed( 'compression breathing cycles' )]).

precondition(open airway, [on_- ack(victirn), unconscious(victim)]).
prf-ccndition( perform_abdominal_thrusts, [retilt(head), given( 'first pair of breaths').
precondition(perform...finger-sweep, [performed('abdominal thrusts' )I).
precondition(perform -emergency...breathing,

[unconscious(victim), observed( 'victim not breathii'g'), observed(pulse ) ).
precondition(perform threescompression -breathing-..cycles,

[pefform-ed('fieen compressions'), given('second pair of breaths')]).
precondition(phone..paramedic, lunavailable(assistance), ternpora-riy~stopped(cpr) 1).
precondition (s top bleed ing, [bleeding( victim)]).
precondition(yellforjielp, LI).

Figure 4.2 CPR Tutor Sample Preconditions

4S ce also Appendix D.
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and deletepostconditions. The basic format of each is similar to that for preconditions:

add postcondition(<operator>,[<assert-fact I>,<assert-fact2>,....).

deletepostcondition(<operator>,[<delete-factl>,<delete-fact2> .... ]).

Real world applications, however, are not always so cut-and-dried. In many applications.

including CPR, the same operator can have different effects in different circumstances.

An example is the application of the operator give breaths. This operator is applied

numerous times in the the process of providing CPR. It is necessary to assert which

iteration of give breaths has been applied each time the operator is employed. To allow

this flexibility, multiple three-argument postcondition predicates can be used for

applicable operators, in addition to the standard two argument format.5 The fonnat of this

three-argument form is:

addpostcondition(<operator>,[,prereq-fact list>,[<assert-factist>).

deletepostcondition(<operator>,[<prereq-factlist>],[<delete-factlist>]).

Figure 4.3 contains a sampling of the various two and three-argument postcondition facts

used in the CPR Tutor.

To more accurately reflect real-life circumstances it necessary to allow the

possibility of randomness. For example, when the rescuer checks the victim's pulse, a

pulse may or may not be present. Thus, although each operator has obligatory

postcondition facts, other facts can be deleted and/or inserted in the new state through the

'li i enhancement was developed by Professor Rowe to allow increased flexibility.
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dteletepostcondition(open, airway, [1).
adldpostcondition(open-airway, [open(airway )])

deletepostcondition(perfornuernergency~breathing, [observed(pulse)]).
addpostcondition(perform emergency .breathing,

[given( 'first pair of breaths')], [observed 'no pulse' )]).
addpostcondition(pefonnemergency-breathing,

[not(given( 'first pair of breaths'))], [still..no~pulsel).
addpostcondition(peformcrn ergency-breathing,

[error-in-perform-emergency -breathing]J).

deletepostcondition(perfornnthree_compression-breathing-cycles,
[performed(. 'fifteen compressions'), given( 'second pair of breaths')]).

addpostcondition~perform _thiree-compressionbreathmng-ycles.
[performed( 'compre ss ion breathing cycles')]).

deletepostcondition( givejtwo_breaths,
[stopped-.breathing, performned( 'finger sweep')])

addpostcondition(give- wo-breaths,
[phioned(paramedic), still-no-pulse],
[given('sixth pair of breaths')]).

addpostcondition(give...twobreaths,
[on back(victim), open(airway), performed( 'fifteen c ompress ions')],
[given( 'second pair of breaths')]).

addpostcondition(givejtwo__breaths,
[open(airw ay), on-back(victiin), not(phoned(paramedic))],
[given( 'first pair of breaths ')J).

addpostcondit ion(givejtwo -breaths, [error- in-give-two-breathsl).

(Ieletepostcondit ion( recheckpulIse, [phonedl(paramnedic )I,
I pe rformned( 'compress ion breathing cycles'))).

delietepostcondition( recheck_pulse, [1).
addpostcondition recheck-pulse. [stillno-pulse I).

Figure 4.3 CPR Tutor Sample Postcoid itlolls
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predicate randsubst. 6 The format for this predicate is as follows:

randsu bst(< operator>,[[< delete-fact I>, assert Jactl >,<probability 1>,<optionaI-rnsgI > 1,

[delete-fact2>,<assert -fact2>,<probabil ity2>, <optional- ms g2>I,....]).

Figure 4.4 contains a listing of the randsubst facts used in the CPR Tutor.

randsubst(check..pulse, [[observed( 'no pulse'), observed(pulse), 0.21]).
randsubst(open..airway, [[unavailable(assistance), available(assistance), 0.3,

'Someone has responded to your yell for help.']]).
randsubst(perform -emergency-.breathing,

[Ilunconscious(victirn), unconscious(victim), 1.0,
'The heart has stopped beating. What should you do now?']].

randsubst(position victim, [[unavailable( 'assistance), av ailable(assistance).
0.3, 'Someone has responded to your yell for help. 'fl).

randsubst(standby-to_assist, [[observed('victimn not breathing'),
observed('victim not breathing'), 1.0,
'Breathing has stopped. What should you do now?']]).

randsubst(stop-bleeding, [[breath ing(victim), observed( 'victim not breathing'),
0.4, 'Bleeding is stopped. However, the victim has stopped breathing.']]).

randsubst(yellfor -helpj[[unavailable(assistance), available( assistance), 0.3,
'Someone has responded to your yell for help.']]).

randsubst(givejtwo breaths,
[[given( 'fi-rst pair of breaths'), obstructed(airway), 0.3,
'Airway is obstructed - you are unable to bieathe air into the victim.']]).

Figure 4.4 CPR Tutor Random Substitutions

Tis was an enhiancement developed by Professor Rowe to allow [or randomess.
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C. KNOWLEDGE ACQUISITION

The CPR domain expertise was derived solely from a subset of the workbook

material utilized by the American Red Cross to conduct formal CPR classes. Although

this represents a reliance on a single expert instead of multiple experts as recommended,

it was deemed adequate for the development of the CPR Tutor prototype. This decision

was based on the prototypical nature of the CPR Tutor, the relatively limited length of

available time for its development, and the fact that many medical experts were

consulted in the formulation of the workbook itself. A operational version of the CPR

Tutor, however, would benefit from tile direct expertise of the actual medical experts.

Within the workbook, a skill test is provided which tests the student on their correct

application of the CPR operators to a predefined scenario. This scenario unfolds as the

student proceeds. For example, when the student performs the operator check for

breathlessness, the instructor says "No breathing". The students acknowledges by

repeating the phrase "No breathing".

Randomness, however, is not a factor in the American Red Cross skill test. The

instructor does not, for example, arbitrarily select "No breathing" as opposed to

"Breathing" as the response to give to the student. The direction is clearly defined by a

script type format in which the instructor's response is given. For the development of the

CPR Tutor, however, these junctures provided the most logical points for randomness.

The expertise on how to respond to a direction other than the one taken in the skill test

was derived from reading material provided elsewhere in the workbook and/or in the

instructor's manual. For example, the skill test follows the assumption that someone else

is available to assist the primary rescuer, i.e., the user of the CPR Tutor. Therefore,

instruct someone to phone paramedic is one of the predefined operators that the student

needs to perform to successfully pass the skill test. In textual material which follows tile
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skill test, the student is provided the information on what to do if no one responds the de

rescuer's yell for help. It does not merely list operators which should be perfoned, hut

instead states the rescuer should perform CPR, i.e., compression-breathing cycles, for at

least one minute prior to going to a phone themselves to call the paramedic. The rescuer

should resume CPR as soon as possible thereafter [Ref. 1].

In transposing this expert knowledge into the means-ends analysis format required

by the CPR Tutor, it was necessary to first define the applicable operators and their

corresponding recommended, precondition, and postcondition facts. The process of

creating these facts can perhaps best be explained by way of a couple examples.

One of the more straightforward operators was open airway. To open the victim's

airway, it is physically necessary for the victim to be on their back. It is also not logical

to perform this operator on anyone who is not unconscious. The precondition:

precondition(open airway, [on_back(victim), unconscious(victim)]).

was used to capture these facts. Opening the airway does not delete any previously

asserted facts, but its performance does presumably cause an open airway. Thus the

following recommended and postcondition facts are applicable:

recommended([open(airway)],open-airway).

deletepostcondition(openairway, []).

addpostconditio open airway, [open(airway)I).

Because this is one of the earliest operators performed, it is possible that someone could

respond to the rescuer's earlier yell for help while this operator is being performed. With

an assigned thirty percent probability of someone responding to the earlier yell for help
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(luring the performance of the open airway operator, the following random substitution

fact was created:

randsubst(open airway, [[unavailable(assistance), available(assistance),

0.3, 'Someone has responded to your yell for help.'II).

When randomness was employed, complications in defining the means-ends

analysis facts arose. For example, if assistance is available, this other person should be

instructed to phone the paramedic after the victim's pulse has been checked and prior to

the rescuer locating the compression position, This implied that a fact such as help is

phoned should be a precondition for the compression position being located. However,

this could not be the case because, if help did not respond, the help is phoned fact would

not be applicable. In fact, it would be a wrong action on the student's part. Therefore,

the precondition:

precondition(locate-compression_position, [observed('no pulse'),

observed( 'victim not breathing'), not(available(assistance))]).

was used. The fact not(available(assistance I) was used to represent the fact that help, if

previously available, was no longer available at that point because the available assistant

had left to phone the paramedic. This was a result of the deletepostcondition fact

associated with the operator instruct someone to phone paramedic. If help had never

responded to the yell/br help operator, the precondition would also be met.

Thus, in representing the knowledge contained in the American Red Cross CPR

workbook [Ref. 11, similar assignments were made for each of the operators. Some

proved to be very straightforward in their translation into means-ends analysis facts.
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Others, however, required adjustments in the code from what originally might have

seemed sufficient. This was directly attributable to the implementation of randomness.

D. TUTOR MODULE

The tutor module 7 represents a distinguishing feature of ICA systems over the more

traditional CBI approach, in that the teaching strategies are separated from the expert

knowledge base. In the CPR Tutor prototype, the tutor module is basically a stand-alone

system which could be utilized to tutor any domain which can be represented as a search

problem for means-ends analysis. For example, a more general version of this same tutor

has been used to provide training to a Navy fire team leader in combatting a fire aboard a

Navy vessel.

The purpose of the tutor module is to monitor the status of the student model and

thus guide the course of future dialogue between the [CA[ system for CPR and the user.

To meet this purpose, it is necessary for the inclusion of information about effective

teaching strategies in the tutor module. The tutoring rules used in this module are

handled by the five argument predicate handle-studentop. The major tutoring

strategies used by CPR Tutor include the following:

- OK.
Reflects that the student's response matches that of the expert. This is used for
identical matches as well as nopref conditions.

- The operator you now need to perform is: <operator>.
This prompt is given in response to the user's request for help.

- <Warning message> presented on a cleared screen.
A serious infraction on the user's part results in a specific warning message.

,The tutor module is implemented by the lewttor program developed by Professor Rowe. It is contained im Ap-
pendix E.
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- <Warning message> presented on the same screen.
A less serious infraction on the user's part results in a specific warning message.

- That operator requires that <equired precoi idlions libt>.
Indicates a mandatory precondition must first be satisfied before the operator can be

applied. This violation is less severe than the above two cases.

- That will not affect anything.
The action chosen by the student will have no affect on the current state nor on the
overall solution.

- That does not seem immediately helpful, but I will try it.
Allows the user to pursue their selected solution path.

- I will try it, but it is not recommended or need for the problem.
Allows the student to apply an operator even though the system sees no need.

A central issue involved with the use of these tutoring strategies is the

appropriateness of providing immediate responses to the user's action as compared with

temporarily allowing the student to continue down an incorrect path without interruption,

In many application areas, several solution paths may exist. The CPR procedure,

however, is not loosely ordered. Much medical research has been conducted in

determining the optimal ordering of operators. Although deviations from this order may

not cause serious negative results, the incorrect ordering may, in fact, render the efforts

of the rescuer ineffective. The CPR Tutor, therefore, is typically very stringent in the

requirement that operators be performed in a specified order; students are not allowed to

deviate to any great extent. It should be noted that this restrictive nature is not invoked

by the tutor module itself, but rather by the CPR knowledge utilized by the tutor. When

necessary to allow the student the option of choosing either of the two operators, the two

argument predicate nopref is used. This is used in the CPR Tutor in the selection of the

first two operators; represented by the Prolog fact:

nopref(check_ifunconscious.yellforhelp).
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E. STUDENT MODEL

The student model is a representation of the student's understanding of CPR

procedures as perceived by the CPR Tutor system. It is thus a model of the system's

knowledge of the student based on their response to the specific situational state

presented to the student. It is constructed by comparing the student's response to the

expert module's means-ends analysis recommended response. The model is updated

throughout the tutoring session.

Ingrained in the metutor program developed by Professor Rowe is a dynamic

student model: a stack representation of the applied operators. Throughout the tutoring

session, it was the current version of this stack which was used by the means-ends

analysis subprogran to determine the tutoring strategy to be used. By analyzing the

stack, a theory was developed as to what the student was actually trying to do. Although

the human mental process isn't normally thought of in terms of stacks, it often seems like

such a structure is used in the planning of complicated problems. The use of stacks in

modeling the student was a subtle, yet complicated process.

A second use of the student model was much less complicated. It involved the

creation of lists which captured the process used by the student. These lists were

presented to the user at the completion of each tutoring session. They include a list of all

the operators chosen by the user throughout the session, the operators for which the user

requested help, and the operators which the user had difficulty in applying. Additionally,

the student's total response time was calculated. This was kept for two purposes. One

was to enforce some sense of urgency in knowing what do in each situation. The second

was to present a relative overall response time measurement indicator to the user at the

completion of the session. As such, diagnostics were provided to the user from which

they could analyze their demonstrated misunderstandings. This self analysis approach
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was used rather than a "score" because the author felt the domain of CPR, a life-or-death

matter, should not be measured in teris of partial correctness. A detailed description of

the specific diagnostics presented to the user are discussed later in this chapter in the user

interface section.

F. USER INTERFACE

I.

The CPR Tutor prototype uses primarily a menu-based approach to obtain user

input. The spcifice menus presented to the user are dependent on the experience level

chosen, i.e., novice, intermediate, advanced.

a. Menu Advantages

Menus offer some primary advantages in their use. Firstly, an easy way is

provided for the user to enter such data as user-experience level and desired-system

option, i.e., HELP, Review CPR procedures, CPR skill test and QUIT. Subsequently,

menus allow the user to easily interact with CPR Tutor, entering their recommended

operator to the given state in the scenario.

Menus have the advantage of being especially easy to use for slow and/or

inaccurate typists. There exists a lesser chance for typographical error and a resultant

misrecognition by the system of the user's intended response. By being easy to use and

self-explanatory by their very nature, the student's energy can be directed at learning the

CPR procedure and not at how to use the system itself.

b. Menu Disadvantages

A primary disadvantage of menus is their restrictive nature. Users are not

free to enter anything; their choice must be one of the menu items. The use of natural

language input would seem to be a more natural and less restrictive form of

coimmunication for the user. Although natural language may ultimately provide the hest

40



form for user input, it does not come without a cost. The use of natural languages in Al

applications is a research area unto itself. Due to the inherent complexities and resource

requirements of implementing a natural language input into the CPR Tutor prototype,

this option was discarded for the most part. An exception is the pseudo natural language

input option provided to the user of entering help or quit in liu of a CPR operator.

These options will be discussed later in this chapter.

c. Application

After the initial display which offers a Prolog reminder that all entries

must be followed by a period, the user is proLI.pted to enter their name. The main menu,

displayed in Figure 4.5, is then presented, offering the user the option of requesting help,

reviewing the major steps involved in providing CPR, testing their knowledge about CPR

procedures, or terminating the session. Upon selecting item three of the main menu, CPR

skill test, the major files are consulted and the user is then prompted via a menu to enter

fred, if you are a first time user, suggest you first request HELP

1. HELP
2. Review CPR procedures
3. CPR skill test
4. QUIT

ENTER YOUR CHOICE AS 1., 2.. 3., or 4.

I: 3.

Figure 4.5 CPR Tutor Main Menu
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their experience level. The three choices are: Novice, Intermediate, and Advanced

Sibequient menu displays are based upon this selection.

At every step in the sinmulation, the Novice user is presented a menu ot

five possible operators, one of which is always preferred. By limiting the possibilities for

selection, the Novice user has a greater chance of chosing the recommended operator.

The user enters the number corresponding to their choice. A validation routine is used to

ensure the user's input is within the range of one to five or is either "help" or "quit" A

sample Novice user menu is displayed in Figure 4.6.

The menu presented to the intermediate user is an expansion --f the one

preseated to the novice user: fifteen possible operators are provided. Again, the

recommended operator is always prC.3ent in tht menu. The dictating criteria for

POSSIBLE OPERATORS ARE:

1. checkifunconscious
2. recheck-pulse
3. instructsomeoneto-phone-paramedic
4. position_victim
5. yell-for-help

The following facts are now true:
assistance is unavailable, "help" is yelled, and victim is unconscious.
What operator do you choose'? 1.

That will not affect anything.

Figure 4.6 Novice User Menu
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providing fifteen instead of all twenty-one possible operators was based on human

factrq: the physical size of the screen did not allow all twenty-one operators. as well as

the state summation, to be viewed simultaneously. The deletion of the remaining sLx

operators in the menu was viewed as relatively insignificant. A sample intermediate user

menu is displayed in Figure 4.7.

POSSIBLE OPERATORS ARE:
1. check if breathing
2. checkifunconscious
3. check-pulse
4 recheck-pulse
5. give twobreaths
6. instruct someoneto-phone.paramedic
7. open-airway
8. perform emergencyjbreathing
9. p,-rfonn fifteen-compressions
10. perform three compression-breathing-cycles
11. positionvictim
12. retilthead
13. stop-bleeding
14. temporarily-stop-cpr
15. yell-forhelp

The following facts are now true:
victim is on_back, victim is bleeding, victim is unconscious,

and assistance is available.
What operator do you choose? 13.

YOU MUST be primarily concerned with the pulse and breath of the victim!!!
You must temporarily ignore any injuries.

Figure 4.7 hitennediate User Menu
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To provide a more challenging environment to the advanced user, a

different approach was used. To increase the number of possible operators by an order of

magnitude, operator phrases were no longer utilized in the menu. Instead, all operators

are broken down into two parts The user enters their selection by forming a phrase

consisting of one verb and one noun phrase. To ensure distinction between the two parts

of the phrase, the menu is comprised of two distinct columns. The advanced user menu

is displayed in Figure 4.8.

POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. airway
3. instruct c. breathing
4. locate d. breaths
5. open e. compression breathing cycle(s)
6. perform f. compression position
7. phone g. compressions
8. position h. emergency breathing
9. recheck i. finger sweep

10. retilt j. head
11. stop k. "help"
12. standby 1. paramedic
13. yell m. someone to phone paramedic

n. to assist if necessary
o. unconsciousness

The following facts are now true:
victim is bleeding and victim is unconscious.
What operator do you choose? I l,cJ.

That operator requires that victim must be on-back and airway must be open.

Figure 4.8 Advanced User Menu
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An additional menu is presented to the advanced user to obtain a specific

number of repetitions for some operators. This menu is displayed in Figure 4.9.

2. Output

The primary purpose of the prototype's output was threefold. Firstly, the CPR

Tutor describes the situation at every step. Each phrase in the description is a list of facts

and is referred to as the state. This state summation is provided to the user following the

Your selection: give breaths

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter:
a. temporarily
b. forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e. 6 to 10
f. 7 to 15

ENTER YOUR CHOICE: 2.
That operator requires that victim not breathing must he observed.

Figure 4.9 Repetition Qualifier Menu for the Advanced User
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menu of possible operators. A natural language transcriber 8 is used to change Prolog

facts into more easily readable phrases.

The second, and perhaps the most important purpose, is the system's tutorial

response to the action recommended by the user. A description of these messages is in

the explanation of the tutor module given above.

A third output generator is a summarizer of the user session upon successfully

reaching the goal state. This summation includes a full list of user actions followed by

one of more of the following: 9

- Operators the user had difficulty in applying. This list is comprised of operators
which were the recommended operator for a given state but were not selected by the
user.

- Operators incorrectly applied. This list is comprised of operators which were
chosen by the user as being the correct response to a given state but differed from
the expert's choice.

- Operators in which the number of repetitions was incorrectly identified by the
user. This list is only applicable to the advanced user and is discussed above.

Operators for which the user requested help. This list is comprised of all
operators which were the applicable response when the user entered "help" in lieu
of selecting a menu item.

The summation is concluded with the user's elapsed time in completing the

session. The time includes everything following the completion of the display cf the

menu and the input of the user's response.

'This was written by Professor Rowe of the Naval Postgraduate School and is contained in the file metutot C011-
taiJned in Appendix E.

See Appendix A through C for sample session summations,
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V. SYSTEM USE

A. RESOURCE REQUIREMENTS

I. System Requirements

The CPR Tutor was developed and implemented on a Digital Equipment

Corporation VAX 11/780 minicomputer running the UNIX operating system. This

prototype is composed of seven files: cpr, mecpr, metutor, utilities, actions, help and

quit. Together, these files require 68K bytes of memory. Of these files, the latter three

are not critical to the successful operation of the system.

2. Program Language

CPR Tutor was implemented in Prolog, a general-purpose computer

programming language. The specific version utilized was C-Prolog, a Prolog interpreter

written in C, developed at the University of Edinburgh [Ref. 13].

B. DEMONSTRATION

Appendix A contains a demonstration of a CPR Tutor session with a novice, first-

time user. Following the suggestion of the screen prompt, the student chose to review the

help file and then opted to receive an overview of the major steps involved in the CPR

procedure. Appendix B contains a demonstration of a CPR Tutor session with an

intermediate user. Appendix C contains a demonstration of an advanced user's session

with the CPR Tutor in which the number of operator options is increased to 390.
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C. LIMITATIONS

1. Realistic Simulation

An inherent limitation of the CPR Tutor system is the significant difference

between its environment and that of the actual performance of CPR procedures. An

important part of training is obtainable only through actual physical practice on a

specially designed manikin. However, the CPR Tutor can fully test the student on their

procedural knowledge. The measuring of the student's response time was designed to

instill a sense of urgency, albeit a far cry from a actual human being in need of CPR to

save their life.

2. Accuracy

a. Parallelism

The CPR Tutor expert module contains the knowledge base for the

system. Through manipulation of the data base by the tutor module the "expert's"

recommended order of CPR operators is derived. As such, the student's actions are

compared to a small number of recommended solution paths. The nopref predicate

allows two successive operators in the student's path to be applied in interchangeable

order. However, it is not possible to simultaneously apply two or more operators; this

restricts the system. Although not extremely affected by this restriction, the CPR process

does have two operators that should be possible to perform in parallel: check if

unconscious and Yell for help. Application domains which require parallelism in the

application of operators can not be accurately implemented.

b. Careless Errors

By using a menu-based approach in the User Interface, specifically the

input portion, it is felt careless typographical errors were diminished to a considerable

extent. However, when input is via a computer keyboard, typographical errors can never

be totally eliminated. Validation routines were used to ensure correct format utilization
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by the user and were used to ensure the user's entry was within the acceptable range.

Beyond these constraints, however, there is no prevention from a student carelessly

entering a wrong choice, i.e., not their actual choice, yet still an acceptable input or

simply a quick input with no thought process behind it. This may require several extra

responses on the student's part to return to the correct solution path and their total

response time and session summary report will reflect this.

D. RECOMMENDED SYSTEM ENHANCEMENTS

I. Operator Selection

More depth in the training could be achieved by querying the user on the actual

process used in applying each operator. For example, the user must locate the

compression position prior to performing chest compressions. Although the user is tested

on their knowledge of when to locate the position, they are not tested on actually locating

the position. The further breakdown of each operator therefore represents a possibility

for expanding the training capabilities of the CPR Tutor. The file actions, although not

fully implemented, represents a start at this enhancement.

The difficulty level could easily be increased for the advanced user with the

addition of more operators associated with more complex scenarios. For example, a

situation could be presented in which multiple victims are present and it is first necessary

for the rescuer to determine the victim in most critical need of medical attention.

2. Student Modeling

The dynamic model of the student developed by the metutor program utilized a

stack to record the actions of the student. From an analysis of the student model, the

general tutoring methodology to be used was determined. The tutor, in following a

particular approach, would present to the user a message such as "That will not affect

anything" as an indicator of how the system perceived the effectiveness of the student's
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action. However, this approach does not attempt to reason why the student chose the

operator they did. This approach would represent an enhancement.

3. Biased Randomness

The CPR Tutor currently is developed to use predefined probabilities to

generate randomness. To change the assigned probabilities, it is necessary to modify the

code contained the the mecpr file. While this is very easy to do, it is not practical for the

average user. A recommended enhancement would be the use of the student model to

dynamically modify these probabilities. With this enhancement, a student having

difficulty with a particular area could be presented with more situations in which this

defective area is relevant. As such, the student would be given more opportunities to

overcome their weaknesses. Similarly, permanent storage could be used to record each

user's session; information could then be gathered from previous sessions as well as the

current one.

4 Graphics

The CPR Tutor strictly used a verbal "conversation" with the student. As such,

the system actually related to the student the relevant facts. A more realistic approach

would be to use graphics to pictorially display what is occurring. It would then be up to

the student to discern the relevant facts from their own direct visual observation of the

situation, the same as is necessary in real-life situations.

5. Portability

With rapidly improving technology, the possibility does exist to implement the

CPR Tutor or similar system on an easily accessible microcomputer. Two possible

versions of Prolog which are now available for microcomputers are Micro-Prolog and

Turbo-Prolog.
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VI. SUMMARY

This study was undertaken to determine the feasibility of developing and

implementing an ICAI prototype system for CPR. It is not a full-scale production model.

As a prototype, limitations in the system's capability were expected. The majority of

these limitations were a result of the relatively limited amount of time spent in design,

development and implementation of the CPR Tutor prototype. Whereas many ICAI

projects are ongoing for years, by a team of researchers, the entire CPR Tutor project was

completed in less than one year.

In answer to the basic research question addressed by this study, i.e., the feasibility

of implementing an effective, efficient, and challenging ICAI system for the purpose of

providing CPR training, the author clearly feels the answer is unequivocally "yes". In

answer to the question concerning the means that should be utilized in developing such a

system, the means-ends analysis tutorial approach seems effective. The CPR procedure

could cleanly be decomposed into abstractions. Clear and orthogonal operators could be

identified as well as the corresponding preconditions and postconditions. This is not to

say, however, that other approaches might not have also been effective.
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APPENDIX A - NOVICE LEVEL DEMONSTRATION

I Initial Screen Display)

CCCCCC PPPPPP RRRRRR
CC PP PP RR RR
CC PPPPPP RRRRRR
CC PP RR RR
CCCCCC PP RR RR

PROLOG REMINDER: ENTRIES MUST BE FOLLOWED BY A PERIOD (.")

01010$ $10 $0 1101 WO# 0101Next Screen Display }

Welcome to the CPR tutor

Please enter your name: toby.

...... ........ . { .I. (Next Screen Display . -

toby, if you are a first tine user, suggest you first request HELP

1. HELP
2. Review CPR procedures
3. CPR skill test
4. QUIT

ENTER YOUR CHOICE AS 1., 2., 3., or 4.

*********** * **********************
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Next Screen Display

help consulted 2256 bytes 0.566668 sec.

1 .00 1 .00 1'.00 00,; 1 Next Screen Display }

CPR

One out of every two people in the United States can expect to
die from a heart attack or a related disease or failure. The
American Red Cross offers adult CPR courses in an effort to
reduce this drastic death toll.

This CPR Tutor is designed to help maintain your level of
proficiency in knowing how to provide CPR treatment at the scene
of an emergency. Based upon your level of experience, you will
be prompted by the tutor for your response when confronted with
the current state of the emergency.

ENTER any letter key to continue: f.

Next Screen Display )

NOVICE

As a novice user you will be given i list of 5 possible operators,
one of which is the correct response.

INTERMEDIATE

As an intermediate user you will be given a list of 15 possible
operators, one of which is the correct response.

ADVANCED

As an advanced user you will be presented with two columns. Your
response will be a selection of a number from column cne and a
letter from column two in the format "[#,letter]" such that a phrase
representing the opertor will be formed.

ENTER any letter to continue: c.
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.If ;::: ( Next Screen Display ) 0: i $0' : 010: 0: , :::: # : -10 ;: : ' i" #

HELP

At any time you are unsure of the correct response and desire help
you can enter "help." or simply "h.". This will prompt the tutor to
give you the preferred response.

QUIT

At the end of each session you will be provided a summary of your
actions. If you desire to end a session prior to the logical
completion, entering "quit." will abort the program and return you
to the system prompt. No summary of the aborted session will be
provided.

...............................................................................

ENTER any letter key to return to main menu: t.

Next Screen Display

1. HELP
2. Review CPR procedures

3. CPR skill test
4. QUIT

ENTER YOUR CHOICE AS 1., 2., 3., or 4.

I. 2.

11 1 .. 111.". - .16f 1 Next Screen Display ) 11111.11.-1 1

actions consulted 4692 bytes 1.05 sec.
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.............................. {Next Screen Display ."...

CPR OVERVIEW - MAJOR STEPS

1. Check if unconscious.
2. Yell for help.
3. Position victim.
4, Open airway.
5. Check if breathing.
6. Give two full breaths.
7. Check pulse.
8. Instruct someone to phone paramedic - if assistance is available.
9. Locate compression position.
10. Perform 15 compressions.
I1. Give two full breaths.
12. Perform 3 compression/breafhing cycles.
13. Recheck pulse.
14. Temporarily cease cpr to phone paramedic - if phonecall not already made.
15. Give two full breaths.
16. Perform compressionjbreathing cycles until no longer applicable,

ENTER any letter key to return to main menu: d.

Next Screen Display I

I. HELP
2. Review CPR procedures
3. CPR skill test
4. QUIT

ENTER YOUR CHOICE AS l., 2., 3., or 4.

******************************************9 ***~*******

I: 3.
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* ( Next Screen Display } 2':;:, .:,:,2

C P R Tutor

INITIALIZING FILES

Please standby

metutor consulted 20604 bytes 4.08333 sec.
mecpr consulted 12636 bytes 3.05 sec.
actions consulted 4740 bytes 1.03334 sec.

.::::;:'"- ,,: ( Next Screen Display ,

Level of experience

1. Novice
2. Intermediate
3. Advanced

Enter 1., 2., or 3. : 1.

Good luck toby!!!

.2:::::: . ( 1Next Screen Display :::::: ::::

This is a test of your CPR skills - skills that could save a life!

Your objectives: victin is breathing and-or paramedic is onscene.

Wait a moment while I analyze the problem thoroughly.
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Next Screen Display H!!

POSSIBLE OPERATORS ARE:

1. checkifunconscious
2. locatecompression-position
3. perform three-compression-breathing-cycles
4. positionvictim
5. temporarily-stop-cpr

The following facts are now true:
person-collapsed is true.
What operator do you choose? 1.
OK.

.(i, {Next Screen Display -

POSSIBLE OPERATORS ARE:

1. perform compression-breathing-cycles-rechecking-pulse everyfewminutes
2. position_victim
3. stop-bleeding
4. temporarilystop-cpr
5. yell forhelp

The following facts are now true:
victin is unconscious.
What operator do you choose? 1.
That operator requires that still no pulse mutist be true,

paramedic must be phoned, and sixth pair of breaths must be givei.
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INext Screen Display

POSSIBLE OPERATORS ARE:

I. check-pulse
2. open-.airway
3. perform fifteen-compressions
4, standbyjto.assist
5. yell for_help

The following facts are now true:
victim is unconscious.
What operator do you choose? help.
The operator you now need to perform is:

yell-for..help

.I ~Next Screen Display

POSSIBLE OPERATORS ARE:

1. check-if-breathing
2. phone-paramedic
3. retilt-head
4. standbyto-assist
5. yell for-help

The following facts are now true:
victim is unconscious.
What operator do you choose? 5.
OK.
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Next Screen Display }

POSSIBLE OPERATORS ARE:

1. checkifunconscious
2. recheck-pulse
3. instruct_someoneto-phone-paramedic
4. position-victim
5. yellfor help

The following facts are now true:
assistance is unavailable, "help" is yelled, and victim is unconscious.
What operator do you choose? 1.
That will not affect anything.

.(- .I ,, - -01111.1 . Next Screen Display }

POSSIBLE OPERATORS ARE:

1. recheck-pulse
2. peform-finger-sweep
3. performemergency-breathing
4. position victim
5. standbyto _assist

The following facts are now true:
assistance is unavailable, "help" is yelled, and victim is unconscious.
What operator do you choose? 4.
OK.

Someone has responded to your yell for help.
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########### Next Screen Display } ,i, ,,; -

POSSIBLE OPERATORS ARE:

1. open-airway
2. perform fifteen compressions
3. standby_toassist
4. stop-bleeding
5. yell-for help

The following facts are now true:
assistance is available, victim is onback, and victin is unconscious.
What operator do you choose? 1.
OK.

Next Screen Display

POSSIBLE OPERATORS ARE:

1. check ifbreathing
2. perform-abdominal_ thrusts
3. perform emergency breathing
4. retilt_head
5. temporardy-stop-cpr

The following facts are now true:
airway is open, assistance is available, victim is onback.

and victin is unconscious.
What operator do you choose? 1.
OK.
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Next Screen Display

POSSIBLE OPERATORS ARE:

1. give twobreaths
2. perform compression-breathing-cycles-recheckingpulse-every-fewminutes
3. performtl-ee-compression breathing-cycles
4. retilthead
5. yell for help

The following facts are now true:
victim not breathing is observed, airway is open, assistance is available,

victim is onback, and victim is unconscious.
What operator do you choose? 1.
OK.

.0 (.. " - Next Screen Display } " .::: "":::.:

POSSIBLE OPERATORS ARE:

1. check if unconscious
2. check-pulse
3. perfonncompressionbreathing-cycles_rechecking-pulse-everyfew_minutes
4. perform fifteencompress ions
5. perform-threecoinpression-breathing-cycles

The following facts are now true:
first pair of breaths are given, victim not breathing is observed,

airway is open, assistance is available, victim is onback,
and victim is unconscious.

What operator do you choose? 2.
OK.

61



Next Screen Display

POSSIBLE OPERATORS ARE:

i. checkifunconscious
2. givejtwobreaths
3. locatecompression-position
4. perform-abdominal thrusts
5, performemergency-breathing

*********** ****** ******* ***** ** **** *** ** ************

The following facts are now true:
pulse is observed, first pair of breaths are given,

victim not breathing is observed, airway is open,
assistance is available, victim is onback, and victim is unconscious.

What operator do you choose? 5.
OK.

The heart has stopped beating. What should you do now?

00 0 0 00001'' 0 .00 0m INet Screen Display

POSSIBLE OPERATORS ARE:

I recheckpulse
2. instructsomeone-to-phone-paranedic
3. perform abdominalthrusts
4. phone-paramedic

'5. standby-toassist

t ****** ******* ** *** ***** ****** *** * ********* *** *******

The following facts are now true:
victim is unconscious, no pulse is observed, first pair of breaths are given,
victim not breathing is observed, airway is open, assistance is available,
and victim is on back

What operator do you choose? 5.
That operator requires that victim must be breathing.
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. Next Screen Display

POSSIBLE OPERATORS ARE:

1. check if unconscious
2. instructsomeone tophone-paramedic
3. perform compression-breathing-cycles-rechecking.pulse every-fewminutes
4. perform-fifteen-compressions
5. retilthead

**** **** ** **** **** **** *** *********** ***** ** *********

The following facts are now true:
victim is unconscious, no pulse is observed, first pair of breaths are given,

victim not breathing is observed, airway is open, assistance is available,
and victim is onback.

What operator do you choose? 2.
OK.

Next Screen Display

POSSIBLE OPERATORS ARE:

1. instructsorneone-to-phoneparamedic
2. locatecompressionposition
3. perfonn three-compressioii breathing-cycles
4. standby-to-assist
5. stop-bleeding

The following facts are now true:
paramedic is phoned, victim is unconscious, no pulse is observed,

first pair of breaths are given, victim not breathing is observed,
airway is open, and victim is on back.

What operator do you choose? 2.
OK.
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fNext Screen Display ) .0..0.01. 4 4

POSSIBLE OPERATORS ARE:

1. check-pulse
2. recheck-pulse
3. perfonncompressionbreathingcyclesrecheckingpulse-every-few_mmutes
4. perform emergency-breathing
5. perform-fifteen-compressions

The following facts are now true:
compression position is located, paramedic is phoned, victim is unconscious,

no pulse is observed, victim not breathing is observed, airway is open,
and victin is onback.

What operator do you choose? 5.
OK.

111-1- 11,.I .. -,. .,. ,. .. , { ,x Screen D . ' .I.-. ..., .Next Screen Display j

POSSIBLE OPERATORS ARE:

1 check if breathing
2. give twobreaths
3. perform three-compressionbreathing-cycles
4. position-victim
5. standby-to-assist

The following facts are now true:
fifteen compressions are performed, paramedic is phoned, victim is unconscious,

victim not breathing is observed, airway is open, and victim is onback.
What operator do you choose? 2.
OK.
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(Next Screen Display

POSSIBLE OPERATORS ARE:

1. checkpulse
2. locatecompression-position
3. performcompression breathing-cycles rechecking_.pulse-everyfewminutes
4. performfifteencompressions
5. perform threecompression-breathingcycles

The following facts ale now true.
second pair of breaths are given, fifteen compressions are performed,
paramedic is phoned, victim is unconscious, victim not breathing is observed,
airway is open, and victim is onback.
What operator do you choose? 5.
OK.

.. i::::;::::;:::x::i~ Next Screen Display

POSSIBLE OPERATORS ARE:

1. check if breathing
2. checkpulse
3. recheck-pulse
4. locatecompression-position
5. perform fifteencompressions

The following facts are now true:
compression breathing cycles are performed, paramedic is phoned,
victim is unconscious, victim not breathing is observed,
airway is open, and victim is onback.

What operator do you choose? 3.
OK.
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(Next Screen Display

POSSIBLE OPERATORS ARE:

1. recheck-pulse
2. givetwobreaths
3. instructsomeone-to-phone-paramedic
4. locatescompressionposition
5. stop-bleeding

The following facts are now true:
still-no-pulse is true, paramedic is phoned, victim is unconscious,

victim not breathing is observed, airway is open, and victim is onback.

What operator do you choose? 2.
OK.

Next Screen Display ) ... 11111..

POSSIBLE OPERATORS ARE:

1. check-pulse
2. locate-compression-position
3. perfonrmfingersweep
4, perform conpression-breathing-cycles-recheckingpulseevery-fewminutes
5. standbyto assist

The following facts are now true:
sixth pair of breaths are given, still-nopulse is true, paramedic is phoned,

victin is unconscious, victim not breathing is observed, airway is open,
and victim is onback.

What operator do you choose? 4.
OK.
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Full list of your actions: [check if-uniconscious,yell-for help,position-victim,
open-airway,check if-breathing,give two-breaths,checkjpulse,
perfomi--emergencyj reathing,instruct-someone to-phone-paramnedic,
locate..compression-.position,perform -fifteen-cornpressions,give-two-breathis
perform three-compression-breadiing-cycles,recheck-pulse,give-twobreaths,
perfomi-compression- breathing-cycles rechecking-pulse- every-few minutes]

The operators you had difficulty in applying were:
position-victim

The operators you incorrectly applied were:
standbyjo_assist

The operators for which you requested help were:
yell jor-help

Your total time for responses was 2 minutes, 41 seconds.
This equates to an average response time of 8 seconds per question.

To return to main menu, enter "c." c.

LEND DEMONSTRATION ) OHHHI
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APPENDIX B - INTERMEDIATE LEVEL DEMONSTRATION

Initial Screen Display }

CCCCCC PPPPPP RRRRRR
CC PPPP RR RR
CC PPPPPP RRRRRR
CC PP RR RR
CCCCCC PP RR RR

PROLOG REMINDER. ENTRIES MUST BE FOLLOWED BY A PERIOD (".")

Next Screen Display

Welcome to the CPR tutor

Please enter your name: corky.

1. "' 11 "1- 1' ".. " 11- 1.1. 1.1. 1.1. { Next Screen Display I

corky, if you are a first time user, suggest you first request HELP

* *** ** *** *** **** ****** **** ***** *** **** ****** *******

1. HELP
2. Review CPR procedures
3. CPR skill test
4 QUIT

ENTER YOUR CHOICE AS 1., 2., 3., or 4.

1: 3.
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.(Next Screen Display #N00Z

C P R Tutor

INITIALIZING FILES

Please standby

metutor consulted 20668 bytes 4.28333 sec.
mecpr consulted 12828 bytes 3.11667 sec.
actions consulted 4740 bytes 1.08333 sec.

.:I . ; ; {Next Screen Display .: :: - -

Level of experience

I. Novice
2. Intermediate
3. Advanced

Enter L., 2., or 3.: 2.

Good luck corky!!!

44 10 OM 11 11 1 1 . 1 Next Screen Display .: HI 01 # 0$ -11.0

This is a test of your CPR skills - skills that could save a life!

Your objectives: victim is breathing and-or paramedic is on-scene.

Wait a moment while I analyze the problem thoroughly.
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.(Next Screen Display .4 1I104
POSSIBLE OPERATORS ARE:

1. check-if-breathing
2. check-if-unconscious
3. check-pulse
4. recheck -pulse
5. instruct -someone-to-phone-.paramedic
6. open-airway
7. perform-fnger..sweep
8. performsk~ompression..breathing-cycles-echeckng..pulse..every-few-minutes
9. perform..emergency..breathing
10. perform..fifteen-compressions
11. phone..paramedic
12, retilt-head
13. standby-to-assist
14. teniporarily-.stop..cpr
15. yell-for_help

The following facts are now true:
person...collapsed is true.
What operator do you choose? 15.
OK.

Someone has responded to your yell fo, help.

I"........".." " . Next Screen Display
POSSIBLE OPERATORS ARE:

1. chieck-if-breathing
2. check-if-unconscious
3. check-Pulse
4. recheck-pulse
5. locate-compression-.position
6, perform-abdominal-thrusts
7. perform-conipression.breathing-cyc les-rechecking-pulse-every-few-minutes
8. perform-emergency..breathing
9. perforni-hreescompression breathing-.c yc les
10. phone..parainedic
11. position -victim
12. retilt-head
13. stop-bleeding
14. teniporarily..stop-cpr
15. yell-for-.help

The following facts are now true:
assistance is available, "help" is yelled, and person-collapsed is true.
What operator do you choose? 2.
OK.
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...-- .. .. Next Screen Display i
POSSIBLE OPERATORS ARE:

1. check if breathing
2. check if unconscious
3. recheck-pulse
4. givetwobreaths
5. instructsomeone-to-phione-paramedic
6. perform abdominalthrusts
7. perform-fingersweep
8. perform emergency.breathing
9. perform fifteenscompressions
10. phone-paramedic
11. positionvictim
12. retilthead
13. standby-to-assist
14, temporarily-stop-cpr
15. yell-for help

The following facts are now true:
victim is bleeding, victim is unconscious, assistance is available.

and "help" is yelled.
What operator do you choose? 11.
OK.

(Next Screen Display A :.::1:
POSSIBLE OPERATORS ARE:

1. check if breathing
2. check if unconscious
3. check-pulse
4. recheck-pulse
5. givetwobreaths
6. instructsoneone-to phone-paramedic
7. openrairway
8. perform-emergency-breathing
9. perform-fifteenscompressions
10. perform three-compression breathing-cycles
I i. positionvictim
12. retilthead
13. stop-bleeding
14. temporarily-stop-cpr
15. yellfor help

The following facts are now true:
victim is on-back, victim is bleeding, victim is unconscious,,

and assistance is available.
What operator do you choose? 13.
YOU MUST be primarily concerned with the pulse and breath of the victim!!!
You must temporarily ignore any injuries.
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Next Screen Display

POSSIBLE OPERATORS ARE:
1. check if breathing
2. check if unconscious
3. check-pulse
4. recheck-pulse
5. give_two_breaths
6. openuairway
7. perform_abdominal_thrusts
8. performfinger-sweep
9. perform-fifteen-compressions
10. perform-three-compression breathing-cycles
11. position-victim
12. retilt-head
13. standbytoassist
14. temporarily-stop-cpr
15. yellforhelp

The following facts are now true:
victim is onback, victim is bleeding, victim is unconscious,

and assistance is available.
What operator do you choose? 9.

1, 11 .. 11 1 Next Screen Display

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

It is important that you check the cartoid pulse for 5 to 10 seconds before starting CPR.

IT IS DANGEROUS TO PERFORM CHEST COMPRESSIONS IF THE HEART IS BEATING.

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
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Next Screen Display H 01 H 0$ H H H H 4 0$ # H # H M H-1 H1. ff
POSSIBLE OPERATORS ARE:

1. checkifbreathing
2. check-pulse
3. recheck-pulse
4. givetwobreaths
5. instructsomeonejtophone-paramedic
6. locate-compressionposition
7. open-airway
8. performfinger..sweep
9. perform compression.breathing-cycles-rechecking-pulse-every-few-minutes
10. performififteenscompressions
11. perform..three-compression breathing-cycles
12. phone-paraniedic
13. standby-to-assist
14. stop-bleeding
15. yell-for-help

The following facts are now true:
victim is onback, victim is bleeding, victim is unconscious,

and assistance is available.
What operator do you choose? 7.
OK.

{Y 00 0.11 00 01,00 1100 0Next Screen Display 0.1111"',111141.111.11.
POSSIBLE OPERATORS ARE:

1. check-ifbreathing
2. check if unconscious
3. check-pulse
4. givetwo-breaths
5. instructsomeonetophoneparamedic
6. locatecompression-position
7. open-airway
8. performabdominalthrusts
9. perform-finger-sweep
10. perform-compression-breathing-cycles-rechecking-pulse-every-fewminutes
11. perfonnemergency-breathing
12. perform-threescompression-breathing-cycles
13. retilt head
14. temporarily-stop-cpr
15. yell for help

The following facts are now true:
airway is open, victim is on-back, victim is bleeding. victim is unconscious,

and assistance is available.
What operator do you choose? 1.
OK.
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##4##########Next Screen Display}
POSSIBLE OPERATORS ARE:

1. chieck-if breathing
2. chieck-if-unconscious
3. give-two_- breaths
4. ins truct someone- to-phone-paramedic
5. locatecompression-position
6 open-airway
7 perforzn-fingeL-sweep
8. peiform-c om press ion-breathing-cyc les-rec hecking-pulse...everyjfew-m inutes
9, performemergency-breathing
10. perfon-n fifteen-compressions
11. perform- thiree-compression-breatihing-cycles
12. phone-.parainedic
1 3. position.' victim
14. standby- to -assist
15. temporarily-stop.-cpr

The following facts are now true.
victim not breathing is observed, airway is open, victim is on-back,
victim- is bleeding, victui is unconscious, arid assistance is available.

What operator do you choose" 3.
OK.
Airway is obstructed - you are unable to breathe air into the victim.

77 Next Screen Display
POSSIBLE OPERATORS ARE.

I. check if-breathing
2. clieck if_ unconscious
3. check--pulse
4. give- two-,breaths
5. instrut[_soineoie_ to-phone..paramedic
6 locate-,.ompression-.position
'7. open-airway
8. perform_ abdominal-thrusts
9. perf orm- com pre ssion-brea thin g-cycles rec hec king-pulse-every-few-m inute s
10. perform. emerge nc ybreathing
11. phone paamedic

12 pos!t ion __victim

13. retilt_ head
'4. standby _ to assist
1 5 . vell _br help

'The followinig facts are now true:
airway is obstructed. victim not breathing is observed, airway is open.

victim is on _ back, victim is bleeding, victim is unconscious.
and assistance is available.

What operator dto you choose" 1 3.
OK.
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ON {0 Ne-t Screen Display ' :,'U:.'
POSSIBLE OPERATORS ARE:
1. chcck if breaihing
2. check if unconscious
3. checkpulse
4. recheck-pulse
5. give-twobreaths
6. locate-compressionuposition
7. open-airway
8. perform abdominal_thrusts
9. performnfinger sweep
10. perform comnpression-breathing-cycles-rechecking-pulse-every-few_mintes
11. perform-emergency-breathing
12 performfifteencompressions
13. phone-paramedic
14. position-victim
15. standbytoassist

The following facts are now true:
head is retilt, victim not breathing is observed, airway is open,
victim is onback, victim is bleeding, victim is unconscious,
and assistance is available.

What operator do you choose? 5.
OK.
,-. ¢ 1. 1 1..111... 11 . Next Screen Display }- -2,

POSSIBLE OPERATORS ARE:
1, check if unconscious
2. checkpulse
3. recheck-pulse
4. instructsomeone-to-phone-paramedic
5. open,_airway
6. perform-abdominalthrusts
7. perform-finger.sweep
8. performcom pression-breathing-cycles-rechecking-pulse every. few minutes
9. perform-emergency-breathing
10. perform-fifteen compressions
11. perfom-three-conpression-breathing-cycles
12. phoneparamedic
13. position-victim
14. retilt _head

15. temporarily stopcpr

The following facts are now true:
first pair of breaths are given, head is retilt,
victim not breathing is observed, airway is open, victim is on_back,
victim is bleeding, victim is unconscious, and assistance is available.

What operator do you choose? 6.
OK.
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Next Screen Display)
POSSIBLE OPERATORS ARE:

1. check-if-breathing
2. check-pulse
3. recheck-pulse
4. locae-ompression-position
5. open-airway
6. perfonn abdominal-thirusts
7. performnjinger..sweep
8. performuemergency..breathing
9. perform fifteencompressions
10. phone...paramuedic
11. position-victimt
12. retilt-head
13. stop.,bleeding
14. temporarily..stop..cpr
15. yell-for..help

The following facts are now true:
abdominal thrusts are performed, airway is obstructed, first pair of breaths are given,

head is retilt, victim not breathing is observed, airway is open, victim is on-back,
victim is bleeding, victim is unconscious, and assistance is available.

What operator do you choose? 7.
OK.

111.1 1 1 1 - 1 -1 ... ". ( Next Screen Display ###
POSSIBLE OPERATORS ARE:

I check-if-breathing
2. check-if-unconscious
3. check-.pulse
4. give -two -breaths
5. instruct-someone-to-phone-paramedic
6. locate-sompression-position
7. open-airway
8. performfi nger..s weep
9. perfonn..emergency-breathing
10. perform fifteenscompressions
11. phone-parainedic
12. position-victim
13. retilt head
14. staindbv-to-assist
15. stopjleeding

The following facts are now true:
finger sweep is perfontned. victim not breathing is observed. airway is open,

vic:tim is on-back, victim is bleeding. victim is unconscious, and assistance is available.
What operator do you choose? 4.
OK.
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.' {Next Screen Display
POSSIBLE OPERATORS ARE:

1. checkifbreathing
2. checkpulse
3. recheckpulse
4. give-two-breaths
5. instructsomeone_tophone-paramedic
6. locatecompression-position
7. open airway
8. perform compression.breathing-cycles-rechecking__pulseevery-fewminutes
9. perform-emergency.breathing
10. perormfifteencompressions
11. perform-threescompression-breatting-cycles
12. phone-paramedic
13. reilt head
14. standby to-assist
15. yell for-help

The following facts are now true:
first pair of breaths are given, victim not breathing is observed,

airway is open, victim is onback, victim is bleeding,
victim is unconscious, and assistance is available.

What operator do you choose? 2.
OK.
.... ............... ( Next Screen Display }
POSSIBLE OPERATORS ARE:

1. checkifbreathing
2. checkif unconscious
3. checkpulse
4. recheckpulse
5. instructsomeoneto-phone-paramedic
6. open-airway
7. perform-abdominalthrusts
8. perform-finger-sweep
9. performscompression-breathing cycles-rechecking-pulse-every-fewminutes
10. performemergency-breathing
11. perfonn-fifteen-compressions
12. perform three-compression-breathing-cycles
13. phone-paramedic
14. posilionvictim
15. stop-bleeding

The following facts are now true:
no pulse is observed, first pair of breaths are given,

victim not breathing is observed, airway is open, victim is onback,
victim is bleeding, victim is unconscious, and assistance is available.

What operator do you choose? 2.
That will not affect anything.
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. . . . .. Next Screen Display}.:::
POSSIBLE OPERATORS ARE:

1. check-if brealthing
2. check if unconscious
3. checkpulse
4. reclieck-pulse
5. instructsomeoneto.phone.paramedic
6. locatecompressionposition
7. openairway
8. performscompressionbreathing-cycles-recheckingpulseeveryfewminutes
9. perform-emergency-breathing
10. perform three_compressionbreathing-cycles
11. positionvictim
12. retilthead
13, stop-bleeding
14. temporarily-stop cpr
15. yell-forhelp

The following facts are now true:
no pulse is observed, first pair of breaths are given,

victim not breathing is observed, airway is open. victim is onback,
victim is bleeding, victim is unconscious, and assistance is available.

What operator do you choose? h.
The operator you now need to perform is: instructsomeoneto-phone-paramedic

.''-:'": {Next Screen Display
POSSIBLE OPERATORS ARE:

1. check if unconscious
2. checkpulse
3. recheck-pulse
4. give-twobreaths
5, instructsomeoneto-phoneparamedic
6. performabdominal_thrusts
7. performcompression breathing-cycles-rechecking-pulse-every fewminutes
8. performemergency-breathing
9. perform fifteencompressions
10. perform-threecompressionbreathing-cycles
1I. phone-paramedic
12. positionvictim
13. retilthead
14. slopbleeding
15. yell-for help

The following facts are now true:
no pulse is observed, first pair of breaths are given, victim not breathing is observed,

airway is open, victim is onback, victim is bleeding, victim is unconscious.
and assistance is available.

What operator do you choose? 5.
OK.
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N Ill- 11'11111'pill${Next Screen Display
POSSIBLE OPERATORS ARE:

1. check-if breathing
2. recheck-pulse
3. give twobreaths
4. instruct-someone-to-phone-paramedic
5. locatescompressionposition
6. open-airway
7. performabdominal-thrusts
8. performinger__sweep
9. performemergency-breatlhing
10. phone-paramedic
11. positionvictim
12. retilthead
13. standby-to-assist
14. stop-bleeding
15. yell-for help

The following facts are now true:
paramedic is phoned, no pulse is observed, first pair of breaths are given,

victim not breathing is observed, airway is open, victim is onback,
victim is bleeding, and victim is unconscious.

What operator do you choose? 10.
That operator requires that still no.opulse must be true,

assistance must be unavailable, and cpr must be temporarily-stopped.
..... { Next Screen Display ) :. .... . . .

POSSIBLE OPERATORS ARE:
I. recheck-pulse
2. givetwobreaths
3. ui ,truct soimeonejtophone-paramedic
4. locatecompressionposition
5. open-airway
6. perform-abdominalthrusts
7. perform-fingersweep
8. perform.compression breathing-cycles-rechecking-pulse-every-few minutes
9. perform- emergency-breathing
10. perform-fifteen.compressions
11. perform threecompressionbreathingscycles
12. phone-paramedic
13. standby to assist
14. temporarily-siop_cpr
15. yell-For-help

The following facts are now true:
paramedic is phioned, no pulse is observed, first pair of breaths are given,

victim is bleeding, victim not breathing is observed, airway is open,
victim is onback, and victim is unconscious.

What operator do you choose? 4. OK.
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Next Screen Display
POSSIBLE OPERATORS ARE:

1. check if breathing
2. checkifunconscious
3. give-twobreaths
4. instructsomeoneto-phoneparamnedic
5. locatecompression-position
6. perform abdominalthrusts
7. perform-compression breathing-cycles-rechecking-pulse_every few_minutes
8. performemergency-breathing
9. perform-fifteen-compressions
10. perform threecompression breathingcycles
11. phone-paramedic
12, position-victim
13. retillhead
14. standby-toassist
15. stop-bleeding

The following facts are now true:
compression position is located, paramedic is phoned, no pulse is observed,

victim not breathing is observed, airway is open, victim is on_back,
victim is bleeding, and victim is unconscious.

What operator do you choose? 9.
OK.

POSSIBLE OPERATORS ARE:
1, checkif.breathing
2. checkpulse
3. recheck-pulse
4. give-twobreaths
5. instruct_someoneto-phone-.paramnedic
6. open-airway
7. performabdominalthrusts
8. perform-finger '-sweep
9. perform-emergency-breathing
10 perform-thfee_compression-breathing-cycles
11. position-victim
12. retilt head
13. standby-toassist
14. stop-bleeding
15. lemporarily-stop-cpr

The following facts are now true:
fifteen compressions are perfonned, paramedic is phoned,

victim not breathing is observed, airway is open, victim is onback,
victim is bleeding, and victim is unconscious.

What operator do you choose? 4.
OK.
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. Next Screen Display I . . . .
POSSIBLE OPERATORS ARE:

1. check-if breathing
2. checkif_unconscious
3. give twobreaths
4. instructsomeoneto-phoneparamedic
5. locatecompression-position
6. open airway
7. performabdominalthrusts
8. performscompression breatlingcyclesjrechecking-pulseeveryfewminutes
9. performemergency-breathing
10. perform-threecompression.breathing-cycles
11. retilthead
12. standby_(oassist
13. stop-bleeding
14. temporarily-stopcpr
15. yell-for help

The following facts are now true:
second pair of breaths are given, fifteen compressions are performed,

paramedic is phoned, victim not breathing is observed, airway is open,
victim is on_back, victim is bleeding, and victim is unconscious.

What operator do you choose? 10
OK.
1..1...... 1....1.. .. A ( Next Screen Display
POSSIBLE OPERATORS ARE:

1. check-if ..breathing
2. check ifunconscious
3. recheck-pulse
4. give-twobreaths
5. instruct someoneto-phone.paramedic
6. locatecompression-position
7. open-airway
8. perform abdominalthrusts
9. perform-compression-breathing-cycles-rechecking-pulse-everyfewminutes
10. performfifteencompressions
1I. phone-paramedic
12. retilt head
13. standby-to-assist
14. stopbleeding
15. yell for-help

The following facts are now true:
compression breathing cycles are performed, paramedic is phoned,

victim not breathing is observed, airway is open. victim is onback,
victim is bleeding, and victim is unconscious.

What operator do you choose? 3.
OK.
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........I { Next Screen Display } ;:: t:: . t
POSSIBLE OPERATORS ARE:
1. checkifunconscious
2. checkpulse
3. givetwobreatlis
4. open_airway
5. perform-abdominalthrusts
6. perform compression breathing.cyclesjrechecking-pulse-every-fewminutes
7. perform-emergency-breathing
8. perfornthree.compression breathingcycles
9. phone-paramedic
10. position-victim
11. relilt_head
12. standby_toassist
13. stop-bleeding
14. tenporarily-stop-cpr
15. yell-for help

The following facts are now true:
still-no-pulse is true, paramedic is phoned, victim not breathing is observed,

airway is open, victim is onback, victim is bleeding,
and victim is unconscious.

What operator do you choose? 14.
That operator requires that assistance must be unavailable.

.. 1 ' . 1.1"' '; ::" 1 Next Screen Display 1 , ',
POSSIBLE OPERATORS ARE:

1. checkifunconscious
2. check_pulse
3. recheckpulse
4. give-twobreaths
5. instruct someonetophone-paramedic
6. locate_compression-position
7, open__airway
8. peform-abdominalthrusts
9. perform-finger..sweep
10. perform emergency-breathing
11. perform threescompression breathing-cycles
12. positionvictim
13. retilt head
14. stop-bleeding
15. lemporarily stop-cpr

The following facts are now true:
still nopulse is true, paramedic is phoned, victim not breathing is observed,

airway is open, victim is on-back, victim is bleeding,
and victim is unconscious.

What operator do you choose? 4.
OK.
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(Next Screen Display
POSSIBLE OPERATORS ARE:

1. checkifunconscious
2. recheck-pulse
3. givetwobreaths
4. locate compression-position
5. open-airway
6. performabdominalthrusts
7. performcoinpression-breathingcycles-rechecking-pulse-every-fewminutes
8. perform-emergency.breathing
9. perform-fifteen compressions
10. perform-threecompression-breathingcycles
11. phone-paramedic
12. positionvictim
13. standby toassist
14. stop-bleeding
15. yell-for-help

The following facts are now true:
sixth pair of breaths are given, still-no-pulse is true, paramedic is phoned,

victim not breathing is observed, airway is open, victim is on_back,
victim is bleeding, and victim is unconscious.

What operator do you choose? 7.
OK.
.. I.. ............ . Next Screen Display
Full list of your actions: [yell-for help,check if unconscious,positi* -victim,

open.airway,checkif-breathing,give two_breaths,retilt_head,givejtwo-breaths,
performnabdominaithrusts,perform finger sweep,give two_breaths,check-pulse,
instructsomeone-toplioneparamed c .locate compressionposition.

performifteen-compressions,give-twobreaths,
perfonthreecompression breathing-cyclesrecheck-pulse,give-twobreaths,
perform-compression-breathingcycles-rechecking-pulse-every-few-minutes]

The operators you had difficulty in applying were:
instructsomeoneto-phone-parainedic

The operators you incorrectly applied were:
temporarily-stopcpr

The operators for which you requested help were:
instructsomeone_to_phone-paramuedic

Your total time for responses was 6 minutes, 16 seconds.
This equates to an average response time of 14 seconds per quCstion.

To return to main menu, enter "c." c.

END DEMONSTRATION I
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APPENDIX C - ADVANCED LEVEL DEMONSTRATION

H Initial Screen Display

CCCCCC PPPPPP RRRRRR
cc PP PP RR RR
cc PPPPPP RRRRRR
cc PP RR RR
CCCCCC PP RR RR

PROLOG REMINDER: ENTRIES MUST BE FOLLOWED BY A PERIOD '

I .I.I.I I.I.I. ...... ..I. I Next Screen Display

Welcome to the CPR tutor

Please enter your namne: fred.

# i 0 0 $ i i ""..14f INext Screen Display

fred, if you are a first time user, suggest you first request HELP

1. HELP
2. Review CPR procedures
3. CPR skill test
4. QUIT

ENTER YOUR CHOICE AS L.. 2., 3., or 4.

1: 3.
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Next Screen Display : :: :: :: ::

C P R Tutor

INITIALIZING FILES

Please standby

metutor consulted 20680 bytes 4.1 sec.
inecpr consulted 12800 bytes 3.11667 sec.
actions consulted 4692 bytes 1.06667 sec.

-. HfRf~f,.HtH.FFF (Next Screen Display HIM:: H#: $1101 fit!

Level of experience

1. Novice
2. Intermediate
3. Advanced

Enter 1., 2., or 3. : 3.

Good luck fred!!!

Next Screen Display f

This is a test of your CPR skills - skills that could save a life!

Your objectives: vicim is breathing and-or paramedic is on-scene.

Wait a moment while I analyze the problem thoroughly.
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Next Screen Display }
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

I. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4. locate d. breathing
5. open e. breaths
6. perform f. compression position
7. phone g. compressions
8. position h, cpr
9. recheck i emergency breathing

10. retilt j. finger sweep
I. stop k. paramedic
12. standby 1. pulse
13. yell m. someone to phone paramedic

n, unconsciousness
0. victim

.................................................................................

ENTER YOUR CHOICE BY SELECTING ONE ITEM FROM EACH COLUMN
Example: "[2,k]."

The iollowing facts are now true: person.collapscd is true.
What operator do you choose? [ 1].
Input must be in the form [number,letter] and within specified range
Please reenter: [1,n]. OK.
............. . Next ScreenDisplay 0.............................4 Nx Scee Dsl 0
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4, locate d. breathing
5. open *e. compression breathing cycle(s)
6. perform f. compression position
7. phone g. compressions
8. position h. emergency breathing
9. recheck i. head

10. retilt j. "heip"
11. stop k. paramedic
12. standby 1. pulse
13. yell m. someone to phone paramedic

n. unconsciousness
o. victim

The following facts are now true: victim is bleeding and victim is unconscious.
What operator do you choose? (I Lc 1.
YOU MUST be primarily concerned with the pulse and breath of the victim!!!
You must temporarily ignore any injuries.
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Next Screen Display .
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

I. check a. abdominal thrusts
2. give b. airway
3. instruct c. breathing
4. locate d. breaths
5. open e. compression breathing c" cle(s)
6. perform f. compression position
7. phone g. compressions
8. position h. emergency breathing
9. recheck i. finger sweep

10. retilt j. head
11. stop k. "help"
12. standby 1. paramedic
13. yell m. someone to phone paramedic

n. to assist if necessary
o. unconsciousness

The following facts are now true:
victim is bleeding and victim is unconscious.
What operator do you choose? [ 1,c].
That operator requires that victim must be onback and airway must be open.

11111..".."",.,'.,."''." ( Next Screen Display
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4. locate d. breathing
5. open e. breaths
6. perform f. compression breathing cycle(s)
7. phone g. compression position
8. position h. compressions
9. recheck i. emergency breathing

10. retilt j. "help"
11. stop k. paramedic
12. standby I. pulse
13. yell m. someone to phone paramedic

n. to assist if necessary
0. victim

The following facts are now true:
victim is bleeding and victim is unconscious.
What operator do you choose? (5 dj.
Your input is not an valid operator. Please try again.
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.. .. {.. Next Screen Display
POSSIBLE CHOICES FOR OPERATOR SELECT1ION ARE:

I. check a. abdominal thrusts
2. give b. airway
3. instruct c. breathing
4. locate d. breaths
5. open e. compression breathing cycle(s)
6. perform f. compression position
7. phone g. compressions
8. position h. cpr
9. recheck i. emergency breathing

10. retilt j. head
11. stop k, "help"
12. standby 1. someone to phone paramedic
13. yell m. to assist if necessary

n. unconsciousness
0. victim

The following facts are true:

victim is bleeding and victim is unconscious,
What operator do you choose?[13,kJ.

OK
Someone has responded to your yell for help.

, Next Screen Display ) .4101-111
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE.

1. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4. locate d. breathing
5. open e. breaths
6. perform fU compressions
7. phone g. cpr
8. position h. emergency breathing
9. recheck i. finger sweep

10. retilt j, "help"
If, stop k. pulse
12. standby I. someone to phone paramedic
13. yell "I. to assist if necessary

n. unconsciousness

o. victim

The following facts are now true:
assistance is available, "help" is yelled, victim is bleeding, and victim is unconscious.
What operator do you choose? [8,o].

OK.
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Next Screen Display
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

I. check a. airway
2. give b. bleeding
3, instruct c. breathing
4. locate d. breaths
5. open e. compression breathing cycle(s)
6. perform f. compression position
7. phone g. compressions
8. position h. cpr
9. recheck i. emergency breathing

10. retilt j. "help"
11. stop k. paramedic
12. standby 1. pulse
13. yell ii someone to phone paramedic

n. unconsciousness
o. victim

The following facts are now true:
victim is onback, assistance is available, victim is bleeding, and victim is unconscious.
What operator do you choose? [2,d].

N 00.N ',0'110.{Next Screen Display .

Your selection: give breaths

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter:
a. temporarily
b. forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e. 6 to 10
f. 7 to 15

ENTER YOUR CHOICE: 2.
That operator requires that victim not breathing must be observed.
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go 00 00 00'00 -0 00 # 0, ({Next Screen Display 1 01, N. ii. . . . ..ti I
POSSIBLE CHOICES FOR OPERATOR SELEC71ON ARE:

1. check a. airway
2. give b. bleeding
3. instruct c. compression breathing cycle(s)
4. locate d. compression position
5. open e. compressions
6. perform f. cpr
7. phone g. emergency breathing
8. position h. finger sweep
9. recheck i, head

10. retilt j. "help"
11. stop k, paramedic
12. standby 1. someone to phone paramedic
13. yell m. to assist if necessary

n. unconsciousness
o. victim

The following facts are now true:
victim is onback, assistance is available, victim is bleeding, and victim is unconscious.
What operator do you choose? h.
The operator you now need to perform is: open-airway

.R" (-- Next Screen Display)
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. airway
3. instruct c, bleeding
4. locate d. breathing
5. open e. breaths
6. perform f. compression treathing cycle(s)
7. phone g. cpr
8. position h, emergency breathing
9. recheck i. head

10. retilt j. "help"
11. stop k. paramedic
12. standby I. someone to phone paramedic
13. yell m. to assist if necessary

n. unconsciousness
0. victim

The following facts are now true:
victim is onback, assistance is available, victim is bleeding, and victim is unconscious.
What operator do you choose? [5,bl.
OK.
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Next Screen Display } 1111111.44')14'
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. bleeding
3. instruct c. breathing
4. locate d. breaths
5. open e. compression breathing cycle(s)
6. perform f. compression position
7. phone g. compressions
8. position h. cpr
9. recheck i. finger sweep

10. retilt j. "help"
11. stop k. paramedic
12, standby 1. pulse
13. yell m. someone to phone paramedic

n. to azs.it if necessary
o. unconsciousness

The following facts are now true:
airway is open, victim is onback, assistance is available, victim is bleeding,
and victim is unconscious.

What operator do you choose? [1,c]
OK.

..:::;;:::: ( Next Screen Display) . . . .

POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. airway
2. give b. bleeding
3. instruct c. breathing
4. locate d. breaths
5. open e. compression breathing cycle(s)
6. perform f. compression position
7. phone g. compressions
8. position h. cpr
9. recheck i emergency breathing

10. retilt j. linger sweep
11. stop k. paramedic
12. standby 1. pulse
13. yell in. to assist if necessary

n. unconsciousness
0. victim

The following facts are now true:
victim is breathing, airway is open, victim is onback, assistance is available,

victim is bleeding, and victim is unconscious.
What v'perator d, you choose? [12,m).
That operator requires that victim must not be bleeding.
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."/ / { Next Screen Display ) 2.................

POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts

2. give b, bleeding
3. instruct c. breaths

4. locate d. compression breathing cycle(s)

5. open e. compression position

6. perform f, compressions

7. phone g, cpr

8. position h. emergency breathing

9. recheck i. finger sweep

10. retilt j. head

11. stop k. "help"
12. standby 1. paramedic

13. yell m. pulse
n. someone to phone paramedic
0. victim

The following facts are now true"
victim is breathing, airway is open, victim is onback, assistance is available,

victim is bleeding, and victim is unconscious.
What operator do you choose? [ 1,b].
OK.

114 1 WWW# "£'W!,??, . ( Next Screen Display H ,i

POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts

2. give b. airway

3. instruct c. breathing

4. locate d. breaths

5. open e. compression position

6. perform f. compressions

7. phone g. cpr

8. position h. emergency breathing

9. recheck i. "help"

10. retilt j. paramedic

11. stop k, pulse

12. standby 1. someone to phone paramedic

13. yell m. to assist if necessary
n1. unconsciousness
0. victim

The following facts are now true:
bleeding is stopped, victim is breathing, airway is open, vict-m is on back,

assistance is available, and victim is unconscious.
What operator do you choose? [ 12,m].
OK.
Breathing has stopped. What should you do now?
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Next Screen Display I .,,
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

I. check a. abdominal thrusts
2. give b. airway
3. instruct c. breathing
4. locate d. breaths
5. open e. compression breathing cycle(s)
6. perform f. compression position
7. phone g. compressions
8. position h. cpr
9. recheck i. finger sweep

10. retilt j. head
11. stop k. "help"
12. standby 1. paramedic
13. yell m. someone to phone paramedic

n. to assist if necessary
0. victim

The following facts are now true:
victim not breathing is observed, stopped-breathing is true, airway is open,
victin is onback, assistance is available, and victim is unconscious.

What operator do you choose? [2,d].
Next Screen Display

Your selection: give breaths

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter:
a. temporarily
b. forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e. 6 to 10
f. 7 to 15

...............................................................................

ENTER YOUR CHOICE: a.
temporarily is not correct.
Try again; 4.
give breaths is a valid operator.
I( should be done 2 times.

OK.
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Next Screen Display)011 -. IMHI
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4. locate d. compression breathing cycle(s)
5. open e. compression position
6. perform f, compressions
7. phone g. cpr
8. position h. emergency breathing
9. recheck i. finger sweep

10. retilt j. "help"
11. stop k. paramedic
12. standby 1, pulse
13. yell m. to assist if necessary

n. unconsciousness
o. victim

The following facts are now true:
first pair of breaths are given, victim not breathing is observed, airway is open,
victim is on-back, assistance is available, and victim is unconscious.

What operator do you choose? [6,f].
{'l'.1,11,11...'"'",. ,." . ( Next Screen Display } 14 11141-:till:11-::h.41:1:#A,

Your selection: perform compressions

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter-
a temporarily
b. forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e. 6 to 10
f. 7 to 15

ENTER YOUR CHOICE: 15.
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. Next Screen Display 1 11 11 11 11

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

It is important that you check the cartoid pulse for 5 to 10
seconds before starting CPR.

IT IS DANGEROUS TO PERFORM CHEST COMPRESSIONS
IF THE HEART IS BEATING.

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

400 . Next Screen Display I ......

POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. bleeding
3. instruct c. breathing
4. locate d. breaths
5. open e. compression breathing cyclets)
6. perform f. compression position
7. phone g. compressions
8. position h. cpr
9. recheck i. emergency breathing

10. retilt j. finger sweep
11. stop k. "help"
12. standby 1. paramedic
13. yell m. pulse

n. to assist if necessary
o. unconsciousness

The following facts are now true:
first pair of breaths are given, victim not breathing is observed, airway is open,
victim is onback, assistance is available, and victim is unconscious.

What operator do you choose? [1 n].
OK.
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Next Screen Display ) 0I 00040
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdoiminal thrusts
2. give b. airway
3. instruct c. bleeding
4. locate d. breathing
5. open e. breaths
6. perform f. compression breathing cycle(s)
7. phone g. compression position
8. position h. compressions
9. recheck i. finger sweep

10. retilt j. head
11. stop k. "help"
12, standby 1. someone to phone paramedic
13. yell m. to assist if necessary

n. unconsciousness
0. victim

The following facts are now true:
no pulse is observed, first pair of breaths are given, victim not breathing is observed,

airway is open. victim is onback, assistance is available, and victim is unconscious.
What operator do you choose? [3,1].
OK.
......... .. .......... .- -Next Screen Display
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. airway
2. give b. breathing
3. instruct c. compression breathing cycle(s)
4. locate d. compression position
5. open e. compressions
6. perform f. cpr
7. phone g. emergency breathing
8. position h. finger sweep
9. recheck i. head

10. retilt j. "help"
11. stop k. paramedic
12. standby 1. pulse
13. yell rn. someone to phone paramedic

n. to assist if necessary
o. victim

The following facts are now true:
paramedic is phoned, no pulse is observed. first pair of breaths are given,

victim not breathing is observed, airway is open, victim is on-back,
and vitim is unconscious.

What operator do you choose? [4,d].
OK.
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11 F 101010110 $1 .. 1. 11 11 ({ Next Screen Display 0 01 #I01 1. 11 1.
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

I. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4. locate d. breathing
5. open e. compression breathing cycles)
6. perform f. compressions
7. phone g. cpr
8. position h. emergency breathing
9. recheck i. finger sweep

10. retilt j. head
It. stop k. "help"
12. standby 1. paramedic
13. yell m. pulse

n. someone to phone paramedic
o. unconsciousness

The following facts are now true:
compression position is located, paramedic is phoned, no pulse is observed,

victim not breathing is observed, airway is open, victim is on-back,
and victim is unconscious.

What operator do you choose? [2,f.
"..'11 1.11,'1,,.. ({Next Screen Display }

Your selection: give compressions
...............................................................................

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter:
a. temporarily
b. forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e. 6 to 10
f. 7 to 15

...............................................................................

ENTER YOUR CHOICE: f.
7 to 15 is not correct.
Try again: 15.
OK.
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.( {Next Screen Display
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4. locate d. breaths
5. open e, compression position
6. perfomi f. compressions
7. phone g. cpr
8. position h. linger sweep
9. recheck i. "help"

10. retilt j. paramedic
It stop k. pulse
12. standby I. someone to phone paramedic
13. yell m. to assist if necessary

n. unconsciousness
o. victim

The following facts are now true:
fifteen compressions are performed, paramedic is phoned, victim not breathing is observed,
airway , open, victim is on_back, and victim is unconscious.

What operator do you choose? [2,d].

$M.... {Next Screen Display 1 01010110100..

Your selection: give breaths

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter:
a. temporarily
b. forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e. 6 to 10
f. 7 to 15

...............................................................................

ENTER YOUR CHOICE: 2.
OK.
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Next Screen Display ,

POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4. locale d. breathing
5. oper, e. breaths
6. perform f. compression breathing cycle(s)
7. phone g. cpr
8. position h. emergency breathing
9. recheck i. finger sweep

10. retilt j. head
11. stop k. "help"
12. standby 1. paramedic
13. yell M. to assist if necessary

n. unconsciousness
o. victim

The following facts are now true:
second pair of breaths are given, fifteen compressions are performed,
paramedic is phoned, victim not breathing is observed, airway is open,
victim is on back, and victim is unconscious.

What operator do you choose? [6,"].
Next Screen Display

Your selection: perform compression breathing cycle(s)

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter:
a. temporarily
b. forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e. 6 t,, 10
f. 7 to 15

...............................................................................

ENTER YOUR CHOICE: 3.
OK.
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f$.$4. 0M # . . 40.. . 40... .. . { Next Screen Display i . :. i
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. airway
2. give b. bleeding
3. instruct c. breathing
4. locate d. breaths
5. open e. compression breathing cycle(s)
6. perform f. compression position
7. phone g. cpr
8. position h. emergency breathing
9. recheck i. finger sweep

10. retilt j. "help"
1I. stop k. pulse
12. standby 1. someone to phone paramedic
13. yell m. to assist if necessary

n. unconsciousness

o. victim

The following facts are now true:
compression breathing cycles are performed, paramedic is phoned,
victim not breathing is observed, airway is open, victim is onback,
and victim is unconscious.

What operator do you choose? [9.kJ OK.
(Next Screen Display )11.111

POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1, check a. abdominal thrusts
2. give b. breathing
3. instruct c. breaths
4. locate d. compression position
5. open e. compressions
6. perform fC emergency breathing
7. phone g finger sweep
8. position h. head
9. recheck i. "help"

10. retilt j. paramedic
It. stop k. pulse
12. standby I. someone to phone paramedic
13, yell m. to assist if necessary

n. unconsciousness
o. victim

The following facts are now true:
still-no-pulse is true, paramedic is phoned, victim not breadhing is observed,

airway is open, victim is onback, and victim is unconscious.
What operator do you choose? [l,n].
That will not affect anything.
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00 ( Next Screen Display I
POSSI3L±B LHOICES FOR OPERATOR SELECTION ARE:

1. check a. breathing
2. give b. breaths
3. instruct c. compression breathing cycle(s)
4. locate d. compression position
5. open e. compressions
6. perform f. cpr
7. phone g. emergency breathing
8. position h. finger sweep
9. recheck i. head

10. retilt j. "help"
11. stop k. paramedic
12. standby 1. pulse
13. yell m. to assist if necessary

n. unconsciousness
o. victim

The following facts are now true:
still no-pulse is true, paramedic is phoned, victim not breathing is observed,

airway is open, victim is on_back, and victim is unconscious.
What operator do you choose? [2.bJ.

I .... ,.. .... ... ..., ..,. .. ( Next Screen Display

Your selection: give breaths

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter:
a. temporarily
b. forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e. 6 to 10
f. 7 to 15

ENTER YOUR CHOICE: 2.
OK.
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$1 441$104, ... " f~f Next Screen Display)
POSSIBLE CHOICES FOR OPERATOR SELECTION ARE:

1. check a. abdominal thrusts
2. give b. airway
3. instruct c. bleeding
4. locate d. breathing
5. open e. breaths
6. perform f. compression breathing cycle(s)
7. phone g. compressions
8. position h. cpr
9. recheck i. emergency breathing

10. relilt j. head
I1. stop k. "help"
12. standby 1. paramedic
13. yell m. pulse

n. to assist if necessary
o. unconsciousness

The following facts are now true:
sixth pair of breaths are given, stillno-pulse is true, paramedic is phoned,

victim not breathing is observed, airway is open, victim is on-back, and victim is unconscious-
What operator do you choose? [6,f].

Next Screen Display , ,

Your selection: perform compression breathing cycle(s)

Enter the NUMBER of times the operator should be performed.

-OR-

Select from the following by entering the appropriate letter:
a. temporarily
b, forever
c. until no longer necessary, rechecking pulse every few minutes
d. 2 to 3
e 6 to W0
f. 7 to 15

ENTER YOUR CHOICE: c.
OK.
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Next Screen Display
Full list of your actions: [check-if-unconscious,yell-for-help,position-victim.

open..airway,check if-breathing,stop-bleeding,standby-to-assist,
give-two_breaths. clieck-pulse ,instruct-soineone-to..phoie-paramedic,
Iocate-compression-position, performn ftfteenscompress ions,givejtwo-breaths.
perform -three-compression breathmng-ycles, reclieck-pulse,give-two-breaths.
perform-compressioiibreatingcycles-rechecknig~pulse-every-few minutesi

The operators you had difficulty in applying were:
yell-for..help

The operators you incorrectly applied were:
perform fifteen-compressions

The operators you had difficulty in identifying correct repetitions:
give-two-breaths

The operators for which you requested help were:
open-airway

Your total time for responses was 9 minutes, 34 seconds.
This equates to an average response time of 22 seconds per question.

ENTER any letter key to return to main menu: c.

.(END DEMONSTRATION 1 01j.-
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APPENDIX D - SOURCE CODE

Ifile: cpr

/******************DIRECTFIONS ***************/

1. Load prolog with increased parameters:
/usrllocal/prolog -a 500 -g 500 -h 500

2. Load the file "CPR" by typing (cprj.

The following files are required:
metutor
rnecpr
utilities
actions
quit
help
datetemp

CPR will take control and automatically begin execution of the tutor

/***************PROGRAM DRIVER ******4l~~

go :- read(EOF), consult(utilities), clear, intro, abolish(intro,O), clear,
help-.prompt, display-menu, !, choice(Choice), clear, initiateaction(Choice), !

initiate-action( I) :- consult(help), clear, help, abolish(choice, 1),
(lisplayj-menu, choice(Choice), clear, initiate_action(Choice).

initiate-action(4) :-consult(quit), clear, execute(quit).
initiate-action(2) :-consult(actions), clear, execute(actions), clear,

abolish(choice, 1), display~menu, choice(Choice), clear, initiate -action(Choice).
initiate-action(Cat) :- initialization-performned, sourcefile(Cat, Filename),

clear, user-experience, standby3, clear, execute (Filename),
abolish(choice, 1), displaymenu, choice(Choice), in itiate_act ion(Cho ice),

initiate-action(Cat) :- initial ize-screen, files(Files),
load-files(Files), asserta(initialization-.performned), initiate_action(Cat).
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IN4ITIALIZATIONS ***************/

session(0).
tim-e-index(O).
questions ans(0).

~~~ ~~SOURCEFILES **'*************/

files([mnetutor. mecpr, actions]).

sourcefile(2,actions). 1* CPR steps are listed for reference *
sourceffle(3,mecpr). /* CPR skill test using means-ends *

/***************** MNUS & MESSAGES

intro :-clear, intro-screen, standby7, clear, user -id, clear,
abolish(user-id,I), abolish(intro-screen,0).

intro-screen :-clear. blanklines(7), tab(25),
write('CCCCCC PPPPPP RRRRRR'), ni, tab(25),
write('CC PP PP RR RR'). nI, tab(25),
write('CC PPPPPP RRRRRR'), nI, tab(25),
write('CC PP RR RR '). iil, tab(25),
write('CCCCCC PP RR RR'), iii, blanklines(6),
write(' PROLOG REMINDER:
ENTRIES MUST BE FOLLOWED BY A PERIOD (.))

nIi, standby3.

user-id :- hlanklines(5), tab(20), write('Welcome to the CPR tutor'), ni,
blanklines( 10), write( 'Please enter your namne: '), read(Namne),
asserta(user(Name)), nI.

user-experience :- clear, checkretract(user -level( L)), blanlines( 10). tab(25),
write('Level of experience'), nI, tab(25), write( -------------- )
ni, tab(25), write(' 1. Novice'), nI, tab(25), write(' 2. Intermediate'),
ni, tab(25), write(' 3. Advanced'), blanlines(3), write(' Enter 1., 2., or 3.
read(Selection), valiclate(Selection,3 ,Expertise), assert_level(Expertise). bi anki ines( 2).
tab(20), write(' Good luck '), user(Narne), write(Naine), write('!!!'), ril.
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assert-Ievel( 1): asserta(user -level(novice)).
assert Ievel( 2) :-asserta(user Ilevel( intennediate)).
assert-level(3) -asserta(user-level(advanced)).

initialize-screen :- hlariklines(5), tab(33), write('C P R Tutor'),
blanlines(3), tab(30), write('INTALIZiNG FILES'), blanldines(3),
talb(32). write( 'Please standby'), blanklines(7).

help...prompt :- first-time-user, blanlines(2), tab(2), user(Name), write(Name),
write(', if you are a first timne user, suggest you first request HELP'),
nI,retract(first-time_user).

help-prornpt.
first-timne-user.

display-menu :-blanklines(4), tab(10), writechar(*,53), ni, tab(I0), write('*'), tab(5 1),
write('*'), rd, tab(lO), write('* 1. HELP
tab(10), write('* 2. Review CPR procedures
iii, tab(1O),
write('* 3. CPR skill test *'),nI, tab(L0),
write('* 4. QUIT *'), nl, tab(I0),
write('*'), tab(51), write('*'), ni, tab(I0), write('*'), tab(51), write('*'), nl,
tab( 10), write('* ENTER YOU'R CHOICE AS 1., 2., 3., or 4. ),,
tab(10), write('*'), tab(51), write('*'), 111, tab(1O), writechar(*,53),
ni, blanklines(3), checkretract(choice(Choice)), !, read(Choice),
validate(Choice,4,Selection), !, asserta(choice(Chioice)).

do-intro. intro(T), blankbines(5), writechar(*,79), ni, write(T), nil,
writechar(*,79), blanklines(5), !

do-intro.

menu(O,novice ,NOL):- op-ist(OL), reduce list(OL,O,5 ,NOL), blanlines(3),
writechar(#,79), blanklines(3), n1, wnite('POSSI]BLE OPERATORS ARE:')
n1, n1, writemenu(NOL), ni, n1.

menu(O,intermediate ,NOL) :- opjlist(OL), reduce list(OL,0, 15 ,NOL),
writechar(#,79), ii write('POSSL]BLE OPERATORS ARE: '), nW,
writemenu(NOL).

menu(O,adivanced,NAIL):- variahle(VarI ist), writechar(#,79), ni,
write('POSSIBLE CHOICES FOR OPERATOR SELECTION ARE: *), ni, verb(VL),
lengths(L), action_id(AIL), get op(O2 ,O), reduce_list(AIL,02, 15 ,NAIL),
printmenu(VL,L,NAIL,Varlist, 1), directions.
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get..op(02,O) :.opcode(L_,02],O).

get-op(02,O) -opcode([_02] ,Q,O).

writemenu([]):!
writen-enu(OL) :- Iength(OL,N), writernenu2(OL,N), asserta(nuim_ops(N)).
writemenu2([IIROLj,N) :-length(ROL,N2), N3 is N - N2, tab(3), spacer(N3),

write(N3), write('. ',write(I), ni, writemenu2(ROLN).
writemenu2([J,N) : -!.

printmnenu([U,II,[,Variist,N) :-!
prmunmenu([Ijjl4[A IIAROLI,VarlistN) :- tab(34), nth-element(Varlist,N,Var),

N I is N + 1, write( Var), write(', '), write(A I), ni,
printmenu([j.L,AROL,Varlist,N 1).

printrnenu([V IIVROLJ ,[LIROLJ] ,Varlist,N) :- tab(5), spacer(N), write(N),
write('. '), write(V1), ni, NI is N + 1,
printmenu(VROL,ROL,[I,Varlist,N 1).

prmntmenu([V 1 IVROL],[LIROLI ,[A I IAROL] ,Varlist,N) -tab(5), spacer(N), write(N).
write('. '), write(V 1), S is 25 - L, tab(S), nth-element(Varlist,N,Var),
N I is N + 1, write( Var), write('. '), write(AI1), ni,
printmenu(VROL.ROL,AROL,Varlist,N 1).

qualmenu([A I,A21 ,Sel):- clear, n1,nI,nl, write( 'Your selection:')
write(AI), write(' '), write(A2), blanlines(3), writechar(-,79),
iii, ni, tab(5),
write('Enter the NUMBER of times the operator should be performed.'),
ni, i, tab(30), write('- 0 R -'), ni, iii, tab(5),
write( 'Select from the following by entering the appropriate letter:'),
Wi, quals(Quals), display-quals(Quals),nl,nI, writechar(-,79), nI, iii,
wfite('ENTER YOUR CHOICE: '), read(Choice),
validate3(Choice,Quals,Sel).

directions :-first-time, writechar(-,79), ni,
write('ENTER YOUR CHOICE BY SELECTING ONE ITEM FROM
EACH COLUMN'), ni, write('Example: To select "check pulse",
enter '[2,k]." '), ni, retract(first-timne).

directions.
first-timne.
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SIJMIMARIZE USER SESSION **************

sununary(Oplist) : clear, ni, write('Full list of your actions:')
write(Oplist), rd, nI, sum -errors(EL), sum -errors2(EL2),
sum-qual-erors(QEL), sumjielp(HL), tiieindex(T),
write( 'Your total turne for responses was '), M is T,160, MlI is fioor(M),
write(MI1), write(' minutes, '), S is T mod 60,
write(S), write(' seconds.'), questions..ans(QA), Ave is T/QA, ri,
write( 'This equates to an average response time of '), A is floor(Ave),
write(A),write(' seconds per question.'), ni,
store-session(Oplist,T,QA,EL,EL2,QEL,HL).

store session(Oplist,T,QA,EL,EL2,QEL,HL):- user(Naine), session(N),
asserta(session-suniary(Nai-neN ,Oplist,T,QA,EL,EL2,QEL,HL)).

reset-counters : - retract(titnejindex(C)), retract(questions..ans(QA)),
asserta(tirnendex(O)), asserta(questions_ans(O)), abolishferror,4),
abolish(qual-error, 1), abolish(help,4).

sum_errors(EL) :- bagof(O,erorL_,O,_,_),EL), !, length(ELN), N > 0,,
write('The operators you had difficulty in applying were: '), ni,
writelistalt(EL), ni, nl.

sum-errors(U]).

sum-errors2(EL2) :- bagof(02,error(02,,_,_),EL2), !, length(EL2,N), N>0, !
write( 'The operators you incorrectly applied were: '), nI,
writelistalt(EL2), nl, ni.

sumn-errors2(Ul).

sum_quaL-errors(QEL) :- bagof(O,qual -error(O),QEL),
write( 'The operators you had difficulty in identifying correct repetitions:'),
ni, writelistalt(QEL), nil, nil.

sum_quaL-errors([I).

sum_help(HL) :- hagof(O,help(_,O._,),FIL), !, Iength(Il-L,N), N>0.
write('The operators for which you requested help were: '), ill,
writelistalt(HL), nI, nW.

suin_help( []).

go.
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file: nlecpr

intro(' This is a test of your CPR skills - skills that could save a life!').

/*************EXPERT MODULE ****************

opcode( [check,breathingj, check_if breathing).
opcode( Icheck,breathsl, check -if -breathing).
recotmmended( [observed( 'victim not breathing')], checklif-breathing).
precondition(check if -breathing,

ton back(victixn), open(airway), not(breathing(victim)), not(stopped..breathing)]).
deletepostcondition( check if breathing, ID.
addpostcondition(check fj-reathing, [observed( 'victim not breathing')]).
randsubst(check-if-breathing, [observed('victim not breathing'), breathing (v ictim), 0.311).

opcode( [check,unconsciousness], check-if-unconscious).
opcode( fcheck,victimn], check-if-unconscious).
recomr-nended( [unconscious(victim)], check-if-unconscious).
precondition( check_if-unconscious, L]).
deletepostcondition(check -if -unconscious, Iperson-collapsed]).
addpostcondition(checkjf_ unconscious, [unconscious(victim)]).
randsubst(check-if-unconscious, [[none, bleeding(victim), 0.51]).

opcode([check,pulsel, check-pulse).
recomniended([observed( 'no pulse')], check-pulse).
recommnended( [not(performed( 'finger sweep'))], checkpulse).
precondition(checkpulse, [unconscious(victimn), observed( 'victim not breathing'),

not(observed(pulse)), given( 'first pair of breaths'), not(obstructed(airway) )1).
deletepostcondition(check..pulse, Iperfornned( 'finger sweep')]).
addpostcondition(check..pulse, [observed( 'no pulse')]).
randsubst(check4,ulse, (observed( 'no pulse'), observed(pulse), 0.21]).

opco(le( [recheck,pulsel, recheck..pulse).
recomrnended([stilLno~pulse], recheck-pulse).
recomimended( [not(performned( 'compress ion breathing cycles'))], recheckpulse).
precond ition(recheck-pulse,

[unconscious(victim-), performed( 'compression breathing cycles'),
not(given( 'first pair of breaths')), not(stillno-pulse )J).

deletepostcondition(recheck..pulse, [phioned(parainedic )I,'
[perfonned( 'compression breathing cycles' )]).

deletepostcondition(recheck~pulse, [I).
addpostconidition(recheckpulse, [stillno~pulseJ).
randsubst(recheck-pulse, [[still-no-pulse, observed(pulse), 0.2]]).
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precondition(give-twojbreaths,
[unconscious(victim), observed( 'victim not breathing'),
not(located( 'compression position')), not(breathinig(victim)),
not(perfonned( 'compression breathing cycles')),
not(observed( 'no pulse')), not(obstructed(airway))]).

opcode([instruct,' someone to phone paramedic']I,
inistruct-someone to-phone-parainedic).

recommiended( [phoned(paramedic)], instruct-someone-to-phone-.paramedic).
recommended( [not(available(assistance))], instruct-someone-to-phone-paramedic).
precondition(instructsoeonetophone-paramedic,

[avail able(assistance), observed( 'no pulse')]).
deletepostcondition( instnic-somneone-to.phone-paramedic,

[available(assistance)]).
addpostcondition(instruct-someone to-phone..paramedic, [phoned(paramedic)]).

opcode(p[ocate, 'compression position'], locate-com-pression..position).
recommulended( [located( 'compression position' )], locate..compressionjposition).
recormmended( [not(given( 'frst pair of breaths'))],

locate-compression-position).
precondition(locate-compression-position,

[observed( 'no pulse'), observed( 'victim not breathing'),
not(avaitable(assistance))]).

deletepostcondition(locatecompressionposition,
[given('first pair of breaths')]).

addpostcondition(Iocate-compression-position,located( 'compression position')]).

opcode( [open,airway], open -airway).
recominended([open(airway)], open-airway).
precondition(open-airway, [on back(victim), unconscious(victim)]).
deletepostcondition(openairway, Uj).
addpostcondition(open airway, [open(airway)]).
randsubst(open airway, [[unavailable(assistance), available(assistance), 0.3,

'Someone has responded to your yell for help.'fl).

opcode([perfonm,'abdominal thrusts'], '6 to 10', perform_abdominal-thrusts).
opcodle([give,'abdlominal thrusts'], '6 to 10'. perform-abdominaljthrusts).
recomm-ended( [perfonmed(' abdom-inal thrusts')]I, perform abdominal-thrusts).
precondlition(perfornnabdom-ina_thrusts,

[retilt(head), given(.'first pair of breaths')]).
deletepostcondition(perform-abdominial-thrusts, [)
addpostcondition(perform -abdominal-thrusts,

I performed( 'abdominal thrusts'), obstructed(airway )1).
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opcode( [peror,'finger sweep'], perform..finger-sweep).
opcode( [give.' finger sweep'], perfonrmfinger.sweep).
recoinended( [perfored('finger sweep' )], perform-finger-sweep).
recom-mende( [not(obstructed(airway) )J, perfornufinger-sweep).
recoiunended([not(given( 'first pair of breaths')) 1. perform-inger.sweep).
recommiiended( [not(performed( 'abdominal thrusts') )], perfonmjitnger-.sweep).
reconumended([not(retilt(head))J, perform...finger..Sweep).
precondition(perform -finger sweep, [performed( 'abdominal thrusts')]).
deletepostcondition(perform - inger -sweep,

[retilt(head), performed( 'abdominal thrusts'), obstructed(airway),
given('first pair of breaths')]).

addpostcondition(perform~finger..sweep. [performed( 'finger sweep')]).

opcode( [perfonn, 'compression breathing cycle(s)'].
' until no longer necessary, rechecking pulse every few minutes',
performs-ompression-breathing-cycles-rechecking.pulse-every-few..minutes).

opcode( [give, 'compress ion breathing cycle(s) '],
' until no longer necessary, rechecking pulse every few minutes',
perfonn-coinpression breathing-cycles-rechecking..pulse..every-jew-minutes).

reconimnended( [onscene( 'victim is breathing and-or paramedic')],
perforim..compression breathing-cycles.rechecking..pulse...eveyfew..minutes).

precondition(perform compression breathingcycles-recheckingpulse-every-few-
minutes, [still-no..pulse. phoned(paramedic). given('sixth pair of breaths')]).

deletepo)stcondition(performncompression -breathings-ycles-rechecking-pulse..every-
few-..minutes, [given('sixth pair of breaths'), phoned(paramedic), on-back(victini),
open(airway), observed( 'victim not breathing'), still no...pulse, unconscious(vlctlm)J).

addpostcondition(performscompression breathing-.cycles-rechecking-pulse-every-
few-minutes, [on...scene('victim is breathing and-or paramedic')]).

opcode([perform,'emergency breathing'], perform...emergency_ breathing).
opcode( [give, 'emergency breathing'], perform...emergency-.breathing).
recommuende([still no...pulsel, perform -emergency-breathing).
recommuended([observed( 'no pulse')], performnemergency-jreathing).
recomfmended( [not(observed(pulse))], perfomunemergencyjreathing).
preconidition(perform -emergency-breathiing,

[unconscious(victim), observed( 'victim not breathing'), observed(pulse )].
dleletepostcondlition(perform -emergencybreathing, lobserved(pulse )J).
addpostcondition(perfonmnemergency-.breathing,

[given( 'first pair of breaths')], [observed( 'no pulse')]).
addpostcondition(perfonn-emergency.breathing,

[not(given( 'first pair of breaths'))], [still-no-.pulse]).
addipostcondlition(perform...emergency-breathing, [error-in-performn-emergency-bireathing I).
randsubst(perform-iemergency breatinig, [[unconscious(victim), unconscious(victimi). 1 .0.

'The heart has stopped beating. What should you do now'?'MJ.



opcodedjperform,compress ions],1I5 ,perform fifteen compress ions).
opcodel] give .compress ions] 115 ,perform fifteen-compressions).
recomnmende( [performed( 'fifteen compressions' )], perfornnfifteen-coiipressions)
recommuended( jnot. ocated( 'compressioni position') )],

perfoni~fifteen_-compressions).
reconmmiended([not(observed('no pulse '))]).
precondition(perform-fifteen -compressions,

[located( 'compression position'), observed( 'no pulse')]).
deletepostcondition(perform -fifteen-compressions,

flocated( 'compression position'), observed( 'no pulse')]).
addpostcondition(perform -fifteen-compressions,

(perfonned( 'fifteen compressions')]).

opcode( [perform, 'compress ion breathing cycle(s)'] ,3,
perform-three-compress ion-breathiingcycles).

opcode( [give, 'compression breathing cycle(s) '1,3,
perfonn-three-compression breathiig-cycles).

reconimended([performned( 'compression breathing cycles')],
performj-hree-compression breathing-cycles).

recon-inended( [not(performed( 'fifteen compressions'))],
perfon-n three compression breathing-cycles).

recommenided(fInot(given( 'second pair of breaths'))],
perform .jhree..compression-breathing-cycles).

precondition(perform three-compression -breathing..cycles,
Ilperformed('fifteen compressions'), given('second pair of breaths')]).

deletepostcondition(perforn three-compression breathing-cycles,
[performed( 'fifteen compressions'), given( 'second pair of breaths')]).

addpostconditioni(perform-three-compression..breathing-cycles,
[perfoffmed( 'compression breathing cycles')]).

opcode( [phone,paramedic], phone-.paramedic).
recomimended([phoned(parainedic )J,phone...paramedic).
recomnmended( [performied( 'compression breathing cycles')], phone-.paramnedic).
precondition(phone-paramedic,

[still no~pulse, unavailable(assistance), temporarily-stopped(cpr)i).
deletepostcondition(phone-parainedic,

(unav aiabie(assistance), teinporarily-stopped(cpr),
perform-ed( 'compression breathing cycles')]).

a(lklpostcond itioni(phone-paramedic, [phoned(paramnedic) 1).
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opcocle([position,victim], position-victim).
recomnmended( lon -back(v ictini) , position-victim).
precondition(position -victim, [unconscious(victim), yelled( "'help"' )J).
deletepostcond ition(position-victim, [yelled(' "help"')]).
addipostcond it ion(position-victim, [on back(victim)]).
raiidsubst(position_victim, [[unavailable(assistance), available(assistance),

0.3, 'Someone has responded to your yell for help.'II).

opcode( Iretilt,headl, retiltjiead).
recommended~ iretilt(head)], retilt-.head).
recommuiended( [not(obstructed(airway ) ), retilt-head).
precondition~retilt-head, [I).
deletepostcoiidition(retilt..head,

[obstructed(airway), 6,iven( 'first pair of breaths')]).
addpostcondition4retlt~head, [retilt(head)J).

opcode( [standby. 'to assist if necessary']' standbytoassist).
recormnended( [nottbreathing(victir-n) )J, standbytoassist).
recommended([observed( 'victimi not breathing' )], standby..to-.assist).
recornmended( [not(stopped(bleeding))I, standby_to_assist).
precondition(standbv-to_assist, [breathing(victini), not(bleeding(victim))]).
deletepostcondition(standbyto-assist, [breathing~victim), stopped(bleeding)]).
addpostcondition(standby.o..assist, [observed( 'victim not breathing')'

stopped-breathing]).
randsubst(standbyjo..assist, [[observed( 'victim not breathing'),

observed( 'victim not breathing'), 1.0.
'Breathing has stopped. Whiat should you do now?'I].

opcode([stop,bleedingj, stop-..bleeding).
opcode([check,bleeding], stop...bleeding).
recommended( [not(bleeding(victim))I, stop jleeding).
recommnended([stopped(bleeding)], stop-bleeding).
precondition(stop..bleeding, [bleeding(victim)]).
deletepostcondition(stopbleeding, [breathing(vict ~m)], [bleeding(v ictim )]).
cleletepostcondition(stopbleeding, I]).
a(l(Ipostcondition( stopjbleeding, (breathing(v ictim )J, [stopped( bleeruing ) ).
a(l(lpostcondition~stop bleeding, 1]).
randsubst(stop-bleeding, [[breathing(v ictim), observed( 'victimn not breathing'),

0.4. 'Bleeding is stopped. However, the victim has stopped breathing. ']]).
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opcode( (stop,cpr], temporarily, temporarilycease-cpr).
opcodet [stop, 'compres sion breathing cycle(s)'], temporarily, tem-porarily..stop-.cpr).
recoinmiendled([Itemiporarily...stopped(cpr)], temnporardy-stop-cpr).
precondition(temporarily.stop..cpr.

[stil~nopulse. unavailable(assistance), not(given( 'second pair of breaths'))]).
deletepostcondlitioni(temporarily-stop-cpr, [1).
addpostcondition(temi-porarilystop-cpr, [temporarily-.stopped(cpr)I).

opcode([yell, "'hielp" '], yell-for-help).
recorminenided([yelled( "'help"')], yelljfor-help).
recommended( [unav ail abie(assistance)], yell-forjielp).
precondition(yelLfor -help, [1).
deletepostcondition(yell-for~ielp, [not(available( assistance))]).
addpostcondition(yell-for -help, [unavailable(assistance), yelled( "'help"')]).
randsubst(yellforhelp, [[unavailable( assistance), available(assistance), 0.3,

'Someone has responded to your yell for help. 'f).

opcode( [give ,breathsl ,2,give two breaths).
opcode( fperfon-n,breaths I,2,give two_breaths).
recommuended( [given( 'sixth pair of breaths')], give-two..breaths).
recommendled(igiven( 'second pair of breaths')], givejtwo-breaths).
recoirnended([given('flrst pair of breaths')], give..swojbreaths).
recommnended( [not(stopped-.breathinig)], give two-breaths).
/* precondition(givegtwo -breaths - for alphabetical order listed above *
deletepostcondition(give two-breathis.

[stopped-breathing, performed( 'finger sweep')]).
addpostcondition(givejtwo breaths,

[phioned(paramedic), still~nopulse],
[given('sixth pair of breaths')]).

addpostconiditioni(givejtwo-breaths,
[on...back(victim), open(airway), performed( 'fifteen compressions')],
[given( 'second pair of breaths')]).

addlpostconiditioni(give-two breaths,
[open(airway.,, on back(victirn), not(phoned(parainedic))],
[given( 'first pair of breaths')]).

addpostcondition(givegtwo_breaths, [error- in-gi,, e- two- breaths]).
randsu bst(gi1ve -two -breaths,

I Igiven( 'first pair of breaths'), obstructed(airway). 0.3,
'Airway is obstructedl - you are unable to breathe air into the victim,')]).
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mod-ranidsubst(give-two-breathis, Postlist)
meinber(obstructed(airway),Postlist),
chieckretract(randsubst(give -two-breaths,
L~given('first pair of breaths'),_,j])).

mnod-ranidsubst(Op,Postlist).

nopref(check if-unconscious, yell jorjielp).

verb( [check,give ,instructjlocate,open,perform,phone,position,recheck,retilt,
stop,standby ,yell I).

lengths([5,4,8 ,6,4,7,5 ,8,7,6,4,7,4J).

action-id(['abdominal thrusts', airway, bleeding, breathing, breaths,
Icompression breathing cycle(s)', 'compression position', compressions,
cpr, 'emergency breathing', 'finger sweep', head, "'help"', paramedic,
pulse. 'someone to phone paramedic', 'to assist if necessary',
unconsciousness, victim]).

quals(t[a,b,c,d,e~fD).
qualifier(a,temporarily).
qualifier(b,forever).
qualifier(c,'until no longer necessary, rechecking pulse every few minutes').
qualifier(d,'2 to 3').
qualifier(e,'6 to 10').
qualifier(f,'7 to 15').

execute(mecpr) :- tutor(fperson collapsed],
[onscene( 'victim is breathing and-or paramedic')]), !,clear.
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Ipartial file: utilities

/***************VALIDATION ROUTINES ******"~'

validate(C,Max,C) :-iiteger(C), C>=1, C=zMax,!
validate(C,Max,New) :-ni, ni, user(Narne), write(Name), write(',')

write('your input is not within range of I to '), write(Max),
write(', '), write('Please reenter: '), read(Choice),
validate(Choice,Max,New), !.

validate2( [V02,A02] ,VL,AL,[V02,A02]) :- integer(V02), V02>= 1, length(VL,Len),
V02=<Len, variable( Var), meinber(A02,Var).

validate2(O2in,VL,AL,New):
write('Input must be in the form [number,Ietterl and within specified
range'), ni, write('Please reenter: '), read(Newchoice),
validate2(Newchoice ,VL,AL,New), !

validate3(C,Q,C) :- integer(C).
validate3(C,Q,S) :- member(C,Q), qualifier(C,S).
validate3(C,Q,New) :-write('lnput must be either an integer or valid letter.'),

nIi, write( 'PLEASE REENTER: '), readkC2), validate3(C2,QNew).

/****************UTLITY PREDICATES

main-menu-return :- blanklines(2), writechar(-,79), iii, ni,
write('To return to main menu, enter "c." '), read(C).

load files([]).
loadfiles( [XIY]) :- consult(X), load files(Y).

blanklines(O) :- !
blanklines(N) :- iii, N I is N - 1, blanklinies(N 1).

/* clears screen */
clear :- systemn("clear").
clear.

/* system pauses for designated amount of timne
standby3 :- system('sleep 3").
standby 3.
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standby7 :-system("sle 7").
standby7.

/* repeatedly write the specified character N times ~
writechar(C,0):-!
writechar(C,N) :-write(C), NI is N - 1, writechiar(CNI).

/* output the Nth element of the list ~
nth-element([LIROLJ,1 ,L).
nth-element(IILJROL],N,X): NI is N - 1, nth-element(ROL.N1 X).

/* convert variable to number relating the position in list *
conver-t var( Var,VL,N):- length(VL,L), convert2( Var,VL,L,N).
convert2(Var,IIVarIRVLI,L,N), iength(RVLL2), N is L - L2.
convert2( Var,[ VarlIIRVLJ ,L,N):- convert2(VarRVL,L,N).

/* reduce a list into a list of N length - ensure operator 0 is NOT deleted *
reduce list(OL,O,N,OL): length(OL,Len), Len =< N.
reduce list(OL,O,N.NOL) :-get_tixne(X), length(OL,Len), T is (X mod Len) + 1,

nth-eleinent(OL,T,Delitem),
((Delitern = 0, reduce list(OL,O,N.NOL));
(delete(Delitem,OL,NL), reduce list(NL,O N,NOL))).

I* give a blank space before numbers under 10 *
spacer(N) N< 10, w rite('')
spacer(N).

1* write a list of itemns - alternate way to that in natural language output *
writelistalt(jJ) : r, !
writelistalt([HIT]) :-write(H), tab(l), writelistalt(T), !

display..quals([J) :-!.
display~quals([HITJ): tab(10), write(H), write('. '), qualifier(H,Q),

write(Q), ni, display-quals(T).

quitword(quit).

variable([a,b,c,d,e,f,g,hi,ij,k,In,n,o,p,q,r,s,t.u,v,w,x,y ,z]).
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Ifile:actions

execute(actions)-
clear, ni, tab(15), write('CPR OVERVIEW - MAJOR STEPS'), n], n1,
stcps(Majoi-Nteps ids',
display-..-.teps(Major steps ds), standby3, main menu return clear.

display...steps([]D:- !

display...steps([HIT) :- tab(2), spacer(H), write(H), write('.',
r-najor...action([HI ,Desc,Substeps), writelistait(Desc), display...steps(T).

steps([l1,2,3,4,5,6,7,8,9,10,1 1,12,13,14,15,161).

major..act ion([ 1I,1 'Check if unconscious. '1,2).
sub....action([ 1,1 fl,['Tap or gently shake victim. ']).
sub-action([ 1,2], '['Shout "Are you ok?"']).

major~jlction([2], [ 'Yell for help. 'I,O).

major..action([31 '['Position victim. '1,5).
sub -action([3,1 J,[ 'Roll victim onto back. ']).
sub -action([3,21,['Kneel facing victim, between hips and shoulders.']).
sub...action([3,3 ],'Lean over victim, place hands on shoulder and hip.']).
sub action([3,41,['RoU victim toward you as single unit; move hand

from shoulder to suppost back of head and neck. ']).
sub...action([3,5],['Place arm of victim nearest you alongside their body.']).

rnajor..action( [4], ,['Open airway. '],3).
sub -action([4,l1 ['Place one hand on forehead of victim.']).
sub action([4,2], ['Place fingers of other hand under bony part of

lower jaw near chin.']).
sub action([4,3],['Tilt head and lift jaw - avoid closing mouth.']).

major action( [51, ['Check if breathing. '1,3).
sub -action( [5,1 I~ ]'Maintain open airway. ']).
sub action([5,21,['Place your ear over mouth and nose of victim.']).
sub action([5,3 ]J'Look at chest, listen and feel for breathing foi 3 to 5 seconds.']).

major-act ion([6, '['Give two full breaths.'] ,4).
sub -action([6,1 ]['Open airway. 'I).
sub -action( [6,21, ['Pinch nose shut. ']).
sub -action([6,3 ],['Open your mouthi wide, take deep breath, and make

tight seal around outside of mouth of victim.']).
sub action([6,4J,['Observe chest rise and fall, listen and feel for escaping air. ']).



major-action([71, ['Check pulse. '1,4).
subaction(i7,1],'Maintain head tilt with one hand on forehead.']).
subaction([7,2],['Locate Adam apple with middle and index fingers.']).
subaction([7,3],['Slide fingers down into groove of neck.']).
subaction([7,41,['Feel for cartoid pulse for 5 to 10 seconds.']).

major_action([9],['rstnict someone to phone paramedic - if ass istance
is available.'],0).

major action([91,['Locate compression position.'),8).
subaction([9,1 ],['Kneel facing chest of victim.']).
subaction([9,2,['With middle and index fingers of hand nearest legs

of victim, locate lower edge of rib cage on side closest to you.']).
subaction([9,3],['Follow rib cage to notch at lower end of

breastbone.']).
subaction([9,41,['Place middle finger in notch and index finger on

lower end of breastbone.']).
subaction([9,5],['Place heel of hand nearest head of victim on

breastbone next to index finger of hand used to find notch.']).
subaction(.9,6[,['Place heel of hand used to locate notch directly on

top of heel of other hand.']).
subaction([9,7],['Keep fingers off chest of victim.']).
subaction([9,8],['Position shoulders over hands with elbows locked

and arms straight.']).

majoraction(] 101,['Perform 15 compress ions. '],2).
subaction([j10,1,['Compress breastbone 1 1/2 to 2 inches at a rate

of 80 to 100 compressions per minute.')).
subaction([10,2],['Compress down and up smoothly, keeping contact

with chest at all times.']).

major-action([ I I,['Give two full breaths. '],1).
subaction([ 11,1],['See step 6']).

major-action([ 121,['Perform 3 compress ion/breathing cycles. '1,1).
subaction([12,1 ],'Do cycles of 15 compressions and 2 breaths.']).

Imajoraction(] 13] ,['Recheck pulse.'1,3).
subaction([13,1 ]J,['Tilt head.']).
subaction([13,21,! 'Locate cartoid pulse and feel for 5 seconds.']).
subaction([ 13,3 ],['For more details, see step 7']).
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m-ajor-action([ 14), ['Temporarily cease cpr to phone paramedic - if phonec all
not already made.'],O).

imajor..action([ I5] ,['Give two full breaths. '],1).
sub-action([l15,1 J'See step 6.']).

major-.action([ 161J,1'Perform compression-breathing cycles until no longer
applicable. '1,3).
sub-action( [16,11 ]['Locate correct hand position.']).
sub-action([ 16,2J,['Continue cycles of 15 compressions and 2 breaths.']).
sub-.action([ 16,3] '['Recheck pulse every few seconds.']).

(file: quit I

execute(quit)
clear, write( This is a stub of the quit file - data is in raw output form.'),
ni, write('It summarizes the action of the user during the session.'), hi,
writechar( *,79), hi, session-sumrnary(Nane,N ,Oplist,T,QA,EL,EL2,QEL,HL),
!listing(session -summary), clear, halt.

execute(quit) :- clear, halt.

execute(quit2) -
clear, blanklines(lO), tab(20), write('SESSION TERMINATED AT USER REQUEST').
blanklines(1O), halt.
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file: help

help - clear, nI, tab(35), write('C P R'), nl, nI, nl,tab(5),
write('One out of every two people in the United States can expect to '), ni,
tab(5j, write('dlie from a heart attack or a related disease or failure.'), ni, tab(5),
write( 'The American Red Cross offers adult CPR courses in an effort to '),
nl, tab(5), write('reduce this drastic death toll.'), nl, ni, tab(5),
write('Tliis CPR Tutor is designed to help maintain your level of '), ni, tab(5),
write( 'proficiency in knowing how to provide CPR treatment at the scene '), nl, tab(5),
write('of an emergency. Based upon your level of experience, you will '), nl, tab(5),
write('be prompted by the tutor for your response when confronted with '),
nl, tab(5), write('the current state of the emergency.'), blanklines(8),
write('ENTER any letter key to continue: '), read(L), clear, nl,
tab(32), write('NOVICE'), nl, tab(32), writechar(-,6), ni, nl, tab(5),
write('As a novice user you will be given a list of 5 possible operators, '),
ni, tab(5), write('one of which is the correct response. '), nl, ni,
n], tab(30), write('INTERMEDIATE'), nl, tab(30), writechar(-,12), nl, nl,
tab(5), write('As an intermediate user you will be given a list of 15 possible '),
nl, tab(5), write('operators, one of which is the correct response.'), ni, nl, nl,
tab(32), write('ADVANCED'), nl, tab(32), writechar(-,8), nl, nl, tab(5),
write('As an advanced user you will be presented with two columns.'), ni, tab(5),
write('Your response will be a selection of one number from column one and '),
hi, tab(5), write('one letter from column two in the format "[#,letter]" such that'),
nl, tab(5), write('a phase representing the opertor will be formed.'),
nl, nl, write('ENTER any letter to continue: '), read(M), clear, ni,
tab(35), write('HELP'), ni, tab(35), writechar(-,4), nl, ni, tab(5),
write('At any time you are unsure of the correct response and desire help '),
ni, tab(5), write('you can enter "help." or simply "h.". This will prompt the '),
ni, tab(5), write( 'system to give you the preferred response.'), ni, i, ni,
tab(35), write('QUIT'), ni, tab(35), writechar(-,4), ni, nl, tab(5),
write('At the end of each session you will be provided a sumnary of your '),
ni, tab(5), write('actions. If you desire to end a session prior to the logical '),
nl, tab(5), write('completion, entering "quit." will abort the program and return '),
ni, tab(5), write('you to the system prompt. No summary of the aborted session ').
hi, tab(5), write( 'will be provided.'), main menureturn, clear.

121



APPENDIX E - ROWE SOURCE CODE

NOTE: The code contained herein was written by, and used with the permission
of Professor Neil C. Rowe of the Naval Postgraduate School.

Predicates modified by the author of this thesis are inC~cated by a
preceeding asterisk.
Additional predicates inserted by the author of this thesis are preceeded
by a plus sign.

file: metutor

/******************TUTOR MODULE * * * * * * *~~

*tutor(StateGoal) :- not(check -obvious~errors), issue -warings, randinit,
clear, ni, do_intro, write(' Your objectives: '),
writelist(GoaI,state), write('.'), ni, uniqueassert(top..goal(GoaI)),
bagof(X,P~precondition(X,P)XXL), uniqueassert(opjlist(XL)), blanlines(4),
write(' Wait a moment while I analyze the problem thoroughly.'),
ni, once-means-ends(State,Goal,Oplist2,Goalstate2), !,
uniqueassert(topsolution(Statelist)), abolish(mainline...states,4),
means-ends-tutor(State,Goal,Oplist,Goalstate,[]), !,
summary(Oplist), reset-counters, main menu-return ni, clear,!

tutor(State,Goal) :
write('Too bad: a solution is now impossible.'), iii,.

*means -ends_tutor(State,Goal,[] ,S tate,S tack) : -
writetrace(State ,Goal), difference(Goal,State,[]),

means-ends-tutor(State,Goal,Oplist,State,Stack)
meinber([State,Goal],Stack), !, fail.

means-enids-tutor(State ,Goal,Oplist,Goalstate,Stack):
not(once m ieans-ends(Statc,Goal,Oplist,Goalstate)), !, fail.

means-ends-tutor(State ,Goal,Oplist,Goalstate ,Stack) :--
difference(Goal.State,D), applicable-op(D,Op), precondition(Op,Prelist),
all-achievable(State,Prelist), !,
means_ends tutor(S tate,Pre list, Preopl ist, Prestate, [[State,Goal IIStack 1)
,met(State,Goal,Oplist,GoalstateStack,Prelist,Preoplist,Prestate,Op,D).
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met(State,GoalPreoplist,Prestate,Stack,Prelist,Preoplist,Prestate ,Op,D)-
difference(Goal,Prestate,[]), !.

mnet(State ,Goal,Oplist,Goalstate,Stack,PrelistPreoplist,Prestate ,Op,D)
difference(Goal,Prestate,D2), not(applicable-op( D2,Op)), !
ineanis-ends-tutor(Prestate ,Goal,Oplist2,Goalstate,[]),
appenid(Preoplist,Oplist2,Oplist).

*met(State,Goai,OplIst,GoalstateStack,Preljst,Preopljst,Prestate ,Op,D)
check-with_student(Op,Prestate,D,New~p),
getjieletepostcondition(New~p,Prestate,Deletepostlist),
delete items(Deletepostlist,Prestate,Prestate2),
get-addpostcondition(New~p,PrestateAddpostlist),
union(Addpostlist,Prestate2,Postlist2),
do-ranclsubsr(New~p,Postlist2,PostlistQ, mod_randsubst(NewOp,Postlist),
check-mainline retum(Postlist), !,

/* Note last arg. below empty to allow for randsubst returning to past state ~
means-ends-tutor(Postlist,Goal,Postoplist,Goalstate,[U),
append(Preoplist,[NewOplPostoplist] ,Oplist).

/*** Tutoring rules ***/

*check-with-student(O,S,D,NO) :-standby3, clear, user-level(Level),
menu(O,Level,NL), writecharQ' ,79), ni.
write('The following facts are now true:'), ni,
writelist(S,state), write('.'), nil,
write('What operator do you choose? '), get-time(T), read(02in),
get-ine(T2), time-index(Counter), questionsans(QA),
retract(questionsans(QA)), retract(timeindex(Counter)),
Elapsed-time is T2 - T, New-counter is Counter + Elapsed-time,
asserta(time index(New counter)), QA I is QA + 1,
asserta(questionsans(QAI )), user level(Ltvel),
interpret-input(NL,Level,S ,02in,02), handle_student_op(02,O,S ,D,NO).

handle-student_op(O,O,S,D,O) : - !, write('OK.'), ni.
*hian(lle-student-op(02,O,S,D,NO) :- heipword(02), !,asserta(help(02,O,S,D)),

write('The operator you now need to perform is: ',ni, tab(5),
write(O), ni, standby3, check-with student(O ,S ,D,NO).

*haildle-student_op(02,O,S,D,NO) :- quitword(02), clear, consult(quit),
execute~quit2), !.

*handle-student_op(02,O,S,D,NO) :- not(nopref(02,O)), not(nopref(O,02)),
asserta(error(02,O,S,D)), fail.
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*handle-studenr-op(perform fifteenscompressions,O,S ,D,NO)-
not(member(observed( 'no pulse' ),S)), !, clear, blanlines( 10),
writechar(@,79), rd, ni,
write('It is important that you check the cartoid pulse for 5 to 10 )

a], write('seconds before starting CPR.'), nl, i,
write('IT IS DANGEROUS TO PERFORM CHEST COMPRESSIONS IF THE
HEART IS '), write('BEATING.'), ni, ni, writechar(@,79), ni, standby3,
check -with-student(O,S,D,NO).

handle -studlenrop(02,O,S,DNO):- precondition(02,P02), difference(P02,S,D2),
not(D2=fl), !, write('That operator requires that')
writelist(D2,precond), write('.'), ni, standby3,
check -with-student(O,S,D,NO).

*handle-student-op(stop-bleeding,O ,S ,D,NO):- apply-op(02,S ,S),
write( 'YOU MUST be primarily concerned with the pulse and breath
of the victim!!!), ni,
write('You must temporarily ignore any injuries.'), ni,
chieck-with-student(O,S,D,NO).

handle-studentop(02,O,S,D,NO): apply op(02,S,S),
wnte( 'That will not affect anything.'), xii,
check -with-student(O,S,D,NO).

hiandle-studentop(02,O,S,D,NO): apply op(02,S,S2), top..goal(G),
not(once means-ends(S2,G,0L2,GS2)), !,
write('You cannot ever succeed if you do that.'), xii,
check -with-student(O,SD,NO).

handle-studeitop(02,O,S,D,02).- top-goal(G), apply-op(O,S ,S3),
apply-op(02,S ,S2), comparesolutions(S3 ,G ,0L3 ,GS3,S2,G,0L2,GS2),
subsequence( [010L3] ,0L2), !, apply..ops( [010L3 ,S ,SL,GS4),
elimdups(SL,ESL), asserta(mainline_states(ESL,02,S ,O)),
write('That does not seem immediately helpful, but I will try it.'), ni.

handle_studenrop(02,O,S,D,02) -(nopref(02,O);nopref(0O02)),!

write('OK.'), nd.
handle-student-op(02,O,S,D,02):- topgoal(G),

once -means ends(S ,G ,OL,FS), not(member(02,OL)), !
write( 'I will try it, but it is not recommended or needed for the
problem.'), nI.

handle-student op(02,O,S,D,02): topgoal(G), difference(G,S,D2),
all-achievable(S,D2), applicable-op(D2,03). precondition(03,PL),
least -coinrnon-op(S,G,O,0 2,PL, Groot), !,
write('I will try it, but it is not recommended first when')
clifference(Groot,S ,D5), delete-uncreatable(D5 ,D6),
pernutation(D6,D7), writelist(D7 ,precond), write('.'), ni.

handle-studentop(02,O,S,D,02) :-
write('Not thle operator I would choose, but let us try it.'). ril, !
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/* Intermediate predicates used by the tutor ~

+interpret-nput(NL,-,,02in,02) -heipword(O2in), helpword(02).
+interpretjinput(N L,-,,2in,02) :-quitword(O2i) quitword(02).
+interpret~input(NL,novice,S,O2iti,02) : - num...ops(N), validate(02in,N,03),

nth-eleinent(NL,03,02).
+interpret-input(NL,intermediate,S ,O2in,02) :- numops(N',

validate(O2in,N,03), !, nth-elem-ent(NL,03 ,02).
+interpretjinput(NL,advanced,S ,O2in,02):- verb(VL),

validate2(O2in,VL,NL,[V02,A021), check opcode(O ,V02,A02,S ,VL,NL,02).
+checkopcode(O,A I,A2,S,VIL,AL,02):- nth element(VL,AI ,A I code),

variable(Varlist). convert var(A2,VarlistN), nth-element(AL,NA2code),
getopcode(0,[AlIcodeA2code ,02),.

+check.opcode(OA 1,A2,S,VLAL,02):-
write('Your input is not an valid operator.'),
write(' Please try again. '), ni, standby3, clear, inenu(O,advanced,NL),
writechar(*,79), ri, write('The following facts are true:'), rd,
writelist(S,state), write('.'), ni,
write( 'What operator do you choose?'),
read(New), initerpretinput(NL,advanced,S ,New ,02).

+getopcocle(0 ,[A I,A21 ,02):- opcode([A I A2J ,02).
+getropcode(0.(AI,A21 ,02) :- opcode( [Al A2] ,.,_), quaI-menu( [Al ,A21 ,Sel),

verify opcode(O,[AI ,A2] ,Sel,02), !, checkretract(missed-once).

+verifyopcode(O,[A 1 ,A2],SeI,02) :-opcode([A 1 ,A2] ,Sel,02).
+verifyopcode(0,IA I,A2],Sel,02) :-not(missed once), asserta(missed once),

write(Sel), write(' is not correct.'), ni, write('Try again:')
read(New), verify~opcode(O, [Al A21,New,02).

+verify-.opcode(O,[A 1 ,A2] ,Sel,02) :-write(A 1), write(' '), write(A2),
write(' is a valid operator.'), ni, , opcode([AI,A2],N,0),
write('It should be done '), write(N),
(integer(N), write(' times.') ; write('.')), asseria(qual-error(0)),
opcode( [Al ,A2j ,N,02), checkretract(missed-otice), nl, ni,
writechar( *,79), nI,nld.

least-comr-nonop(S ,G ,0,02,G2,G) :- once_means ends(S ,G2,OL,NS).
(not(mernber(0,OL)); not(mermber 02.0L))), !.

least-commuonip(S ,G,0,02,G2,Droot) :- (Iifference(G2,S .D), ail_achievable(S .D),
applicable..op(D,03), precondition(03,G3),
least-common op(S,02,0,02,G3,Droot),!

cor-npare-soiutions(S3 ,G,0L3 ,GS3 .S2,G,0L2,GS2)-
once_mneans einds(S3 ,G ,0L3 GS3), once mneanls-ends(S2,G,0L2,GS2), !
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cache-states(S,GJ],GS)
cachestates (S,G, .L,GS) -cached(S.G .OL.GS),
cache-states( SGOL,GS) -cached(S2,G2,0L2,GS2), check-pen-nutation(S .S2),

check-pemiutation(GG2), !.
cache states(S,G,[OIOLI,GS):- asserta(cached(S,G,[OIOLI ,GS)),

applyopO ,S ,NS), cache states(NS,.G ,OL,GS),

apply -ops([],S,[S],S) :

apply-ops[OIOL],S,[SISL],NS): applyop(O,S ,S2), apply--ops(OL,S?2,SL,NS).
apply -op(O,S ,NS) :- get - eletepostcondition(O,S ,DP), deleteitems(DP,S ,S 2),

ge&..addpostcondition(O,S ,AP), union(AP,S2,NS), !.
check-imainline_return(S) :- mnainline states(SL,O,OSBO),

chieck-mainline-return2(S,SL,O,OS,BO).
check-mainhline return(S).
check-imainldine-return2(S,[S2ISLI,O,OS,BO): permutemember(S ,[S2]),

!write('You are returning to a previous state.'), iii.
check-mainine.-return2(S,SL,OOS,BO) :-perrnuteinember(S,SL), !

write('Do you see now that your choice of the '), write(O),
write(' action in the state with the facts ['), writelist(OS,state),
write('] was not the best choice-, the '), wrfte(BO),
write(' action would have been better., ,i,4
retract(mainline_states(SL,O,OS,BO)).

/************NATURAL LANGUAGE OUTPUT

writelist(H,R)-
writelist( (Xj,R) - !, writefact(X,R),
writelist([X,Y],R) :-!, writefact(X,R), wr-ite(' and '), writefact(Y,R).
writelist(L.R): wiitelist2(L,R).
writelist2([X],R) :-!, write('and '), writefact(XR).
writelist2( [XILI ,R) :- writefact(X,R), write('. '), writelIist2(L,R).
writefact(F,state) :- atorn(F), write(F), write(' is true'),
writefact(not(F),state): atom(F), !, write(F), write( is false').
wiiefact(not(F),state): F=.fP,X), atom(X). !, write(X), is-fomi(XIX).

write(IX), write('not '), write(P), !.

writefact( not( F),state):- F=. .[P,XI, !, writefact(X), isfonn(X,IX).
write(IX), write('not '), write(P), !

writefact(not(F),state): F=..4P,X,Y], !,write(X), write(' not )

write(P), write(' ),write(Y),
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writefact(F,state) F=..[P,X], atom(X), !, write(X), isform(X,IX),
write(IX), write(P), !

writefact(F,state) :-F=..[P,X], !, write fact(X,state), isform(X,IX),
write(LX), write(P), !.

writefact(F,state) :-F=..[P,X,Y], !, write(X), write('')
write(P), write(' '), write(Y),

writefact(F,precond) :-atom(F), write(F), write(' must be true'),
writefact(not(F),precond) atom(F), !, write(iF), write(' must be false'),
writefact(not(F),precond) :-F=..[P,X], atorn(X), !, write(X),

write(' must not be '), write(P), !.
writefact(not(F).precond) :-F=..[P,XJ, !, writefact(X. state),

write(' must not be '), write(P), !.
writefact(not(F).precond) -- F=..[P,X,Y], !, write(X), write(' must not be')

write(P), write(' '), write(Y), !
writefact(F,precond): F=..[P,XI, atom(X), !, write(X),

write(' must be ),write(P), !.
writefact(F,precond) -F=..[P.X], !, writefact(X,state),

write(' must be ),write(P), !
writefact(F,precond) F=..[PX,Y], write(X), write(' must be ',write(P),

write(' '), write(Y). !.
writefact(F,op): write(F), !

writefact(F,R) write(F).

is_formn(X,' is ')not(atom(X)), !

is-formn(X,' are ')name(X,NX), Iast(NX,1 15),
is-form(X,' is .

~~~ ~ORIGINAL MEANS-ENDS PROGRAM ********/

once_m-eans-ends(State ,GoaI ,Oplist,Goalstate)-
m-eans-ends(State ,GoaI,Oplist,Goal state),
cache-states(State,Goal,Oplist,Goalstate),

means endis(State,Goal,Oplist,GoaI state) :-
mieans-enids2(State .GoaI,Oplist,Goalstate, [I), writedebug7.

means ends2(StateGoaI,Oplist,Goalstate,Stack) :
cached(State2,G oaI 2,Opl ist,Goalstate), check permnutationtiGoal ,Goal2),
check-permutation(State,State2), !, writede bu g6(S tack),

means-ends 2(State,G oal,Opl ist,Goalstate,S tack) :- nieiber([State,GoaJ ],Stack),
!writedebug4(S tack), fail.

means-ends 2(S tate.Goal, [j,State,S tack) :- difference(Goal,State,[1).
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means ends 2(S tate,Goal,Oplist,G oalstate ,S tack) :- difference (Go al,S tate ,D),
applicable-op( D,Operator), precondlition(Operator,Prelist),
all-achievable(State,Prelist), writedebug I (D,Operator,S tack),
mieans_ends2(State .Prelist.Preopl ist,Prestate,IiState,Goal]lStack]),
writedebug2(Prestate,D,Operator,S tack),
get-deletepostcondition(Operator,Prestate,Deletepostlist),
delete iterns(Deletepostlist,Prestate ,Prestate2),
get-addpostconidition(Operator,Prestate,Addpostlist),
union(Addpostlist,Prestate2,Postlist),
means-erlds2(Postlist,Goal,Postoplist,Goastate,[[State,Goa]Stack),
writedebug3(Goalstate,Operator,Stack),
append( Preoplist,[OperatorlPostoplist] ,Oplist).

means ends2(State,Goal,Oplist,Goalstate,Stack)-
writedebug5 (S tate,Goal,S tack), !, fail.

/***************DEBUGGING TOOLS ************

writedebuglI(D,O,Stack) -not(debugflag), !

writedebuglI(D,O,Stack) length(Stack,Nml1), N is NmIl+I1, write(' >Operator')
write(O), write(' suggested at level '), write(N), ni,
write( 'to achieve difference of fI'), writelist(D,state), write(']'), iii,

writedebug2(S,D,O,S tack) not(debugfiag), !.
writedebug2(S,D,O,S tack) :-length(Stack,Nml), N is NmI+I,

write(' >Operator '), write(O), write(' applied at level '), write(N),
ni, write('to reduce difference of I'), writelist(D,state), write(']'),
nil, write('in state in which '), writelist(S,state), Wi, !

writedebug3 (S,O,S tack) :- not(debugflag), !
writedebug3 (S,O,S tack): length(Stack,Nml), N is Nml+1, write(' >Level')

write(N). write(' terminated at state in which '), writelist(S,state), ni, !

writedebug4(Stack) not(debugflag),
writedehug4(Stack)

write( '>xz'>Reasonmng found a potential infinite loop at level )

length(Stack,Nmnl), N is Nml+I, write(N), ni, !

writedebug5 (State,Goal,S tack) -not(debugflag), !
wri tedebug5 (S tate ,Goal,S tack) -write('>> Unsolvable problem at level )

length(Stack,Nm 1), N is Nn-lI+l1, write(N), ni, write('for state '),
writelist(State,state), ni, write('and goal '), writelist(Goal,state). iii,

writeclebug6(Stack) not(debugflag),
writedebug6(Stack) write(' >Previously computed solution used at level )

lengtli(Stack,Nm i ), N is NmlI+ I, write(N), i, !

128



writedebug7 :-not(debugflag),.

writedebug7 ni, !.

+writetrace(State,Goal) :-not(traceflag),
+writetrace(State.Goal) :-writechar(-,25), iii, write('Goal is: '), nil, writelistalt(Goal).

nl,. write( State is: '), ni, writelistalt(State), ni, writechar(-,25), ril,

**Problem definition errors ***'~

check-obvious-errors :- setof([MAI,obvious error(M,A),MIAL), !, writepairlist(MAL).

obvious-error('precondition fact missing for operator ',O)
recominended(D,O), not(precondition(O,L)).

obvious_error('deletepostcondition fact missing for operator ',0):
recommended(D,0), not(getjleletepostcondition(O,S ,L)).

obvious-errox( 'addpostconditioni fact missing for operator ',O)
recomniended(D,O), not(get addpostcondition(0 ,S ,L)).

obvious-error("'reconumended" fact missing for operator ',0)
precondition(O,L), not(recominended(D,O)).

obvious-error( "'recommxended" fact missing for operator ',O)
getj-leletepostcondition(O,S ,L), not(recommnended(D,0)).

obvious_error("'reconirnended" fact missing for operator ',0)
get-addposteondition(0,S ,L), not(recommuended(D,0)).

issue-warnings :- setof([M,A],possible-error(MA),MAL), V
write( 'Warnings:'). ni, writepairlist(MAL), ni.

issue-warnings.

possible error('Thiis fact is not creatable: ',F) :- precondition(O,PL).
backtrackingmember(F,PL), uncreatable(F).

writepairlist([J).
writepairlist([[X,YIILI) :- write(X), write(Y), ni, writepairlist(L).
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/**************MEANS-ENDS UTILITEM **************

uncreatable( F) -precondition(O,L), backtrackiiig-member(F,L),
iiot(inpostcondition(F)).

inpostcondition(not(F)) -anydeletepostcondition(Q,DPL), ineniber(F,DPL).
in~postcondfit].On(not(F)) -randsubst(O,RSL), rnember([F,X,Y,Z] ,RSL).
inpostcondition(F):- not(F=..[not,PJ), anyaddpostcondition(O,APL),

member(F,APL).
inpostcondition(F):- not(F=..[not,PJ), anyaddpostcondition(O,APL),

member([X,F,Y,RSL).

any-deletepostcondition(O,L) :-deletepostcondition(O,C,L).

any-deletepostcondition(O,L) -deletepostcondition(O,L).

anyaddpostconditian(O,L) -addpostcondition(O,C,L).

any-addpostcondition(O,L) -addpostcondition(O,L).

get-deletepostcoidition(O,S ,L) -deletepostcondition(O,C,L),factsubset(C,S),!.

get..deletepostcondition(O,S,L) -deletepostcondition(O,L).

get-addfpostcondlition(O,S,L) :- addpostcondition(O,C,L), factsubset(C,S), !

get-addpostcondition(O,S ,L):- addpostcondition(O,L).

applicable-op( D.O):- reconumended(D2,O), subset(D2,D).
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I partial file: utilities

/**************RANDOMNESS HANDLER ~'

do-randsubst(O,S,NS): randsubst(O,RL), !, do-randsubst2(RL,S,NS).
do-randsubst(O,S,S).
do-randsubst2([J ,S,S).
do-randsubst2([[IF,NF,P]ILJ,S,NS) :- random(1000,K), P1000 is P*l000,

K=<P 1000, changestate(F,NF,S ,S2), !, do_randsubst2(L,S2,NS).
do-randsubst2( [[F,NF,P,M]IL] ,S ,NS) :- randon( 1 000,K), P1000 is P* 1000,

K=<P 1000, changestate(F,NF,S,S2), !, write(M), nI, do_randsubst2(L,S2,NS).
do-randsubst2( [CILJ,S ,NS) : - do-randsubst2(L,S,NS).

cliangestate(none,NF,S,[NFIS]) : - !, not(member(NF,S)), ni,
changestate(F,none,S,S2) :- !, member(F,S), delete(F,S,S2), nli,
changestate(F,NF,S,[NFIS3J) :- !, member(F,S), delete(F,S,S3), iii,

permutationIIJ,[]):-!
perniutation(L,[IIPLJ) : - randitem(L,I), delete(I,L,L2), permutation(L2.PL).

randitem(LI) : - length(LN), random(N,K), item(K,L,I).

randinit :- C is cputixne*l1000, FC is floor(C), S is FC mod 2311,
uniqueassert(randseed(S)).

random(N,K) :- randseed(S), nextrand(S,NS), K is NS mod N,
retract(randseed(S)), asserta(randseed(NS)).

nextrandI(S,NS) :- FIC is 100*cputime, IC is floor(FIC),
S2 is ((S*S)+IC) mod 2311, S3 is (S2*S2) mod 2311, NS is (S3*S) mod 2311.

itein(KA],I): !, fail.
item(K,[XILI,X) :- K=<l, !
item(K.IXILI,Y) :- Kml is K-1, item(Kml,L,Y).
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/**************** TIMER

get-time(T) :- system( 'rm datetemp"), system( "date >datetemp"),
see(datetemp), getO(DI), getO(D2), getO(D3), getO(D4), getO(D5),
getO(D6), getO(D7), getO(D8), getO(D9), getO(DI10), getO(D 11),
getO(D1 2), getO(D13), getO(D14), getO(D15), getO(D16), getO(D17),
getO(D 18), getO(D 19), seen, digitascii(D 15 ,Nl), digitascii(D1 6,N2),
digitascii(D1I8,N3), digitascii(D1I9,N4), T is (N I *600)+(N2*60)+(N3* 10)+N4.

digitascii(D,N) :-N is D-48.

~~~ ~UTILITY PREDICATES ***~~

delete -uncreatable(tI,[I).
delete-uncreatable([XILJ,M) :-uncreatable(X), !, delete_uncreatable(L,M).
dfelete-uncreatable(LXILJ,[XIMJ) delete-uncreatable(L,M).

all-achievable(S,G) :- difference(G,S,D), not(unachievable-member(D)).

unachievable-member(D) :- backtracking-member(F,D), uncreatable(F).

difference([J,S,[]).
difference([not(P)IG],S,G2) :-not(singiemember( P,S)), !, difference(G,S,G2).
difference( IP1GJ,S.G2) :- singlemeniber(P,S). !, difference(G,S,G2).
difference([PIGj,S ,[PIG2j) :- difference(G,S ,G2).

subset([J,L).
subset( [XILJ ,L2):-singlemember(X,L2), subset(L,L2).

factsubset( [1,L).
factsubset( [not( P)ILJ ,L2) -not(singlemember(P,L2)), !, factsubset(L,L2).
factsubset([not(P)ILJ,L2) !, fail.
factsubset( EPILI ,L2) :- s inglemember( P,L2), factsubset( LL2).

meinber(X,L):- singleinember(X,L).

smnglemember(X,[XIL]) :- !
singlemernber(,X,[YILJ) singlernember(X.L).
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append]([1,L,L).
append([XILI,L2,LXIL3J): append(L,L2,L3).

union(fJ,L,L).
uniion( [XIL1 I,L2,L3): singlemember(X,L2), !,union(LI ,L2,L3).
union([XIL I],L2,[XIL3]): union(L I,L2,L3).

delete items(fl ,L,L).
deleteitems([XILJ ,L2,L3):- delete(X,L2,L4), deleteitems(L,L4,L3).

delete(X,U,[]).
delete(X,[XIL] M) :!,delete(X,L,M).

delete(X,MYLJYIM]) :-delete(X,LM).

checkretract(S) :-call(S), retract(S), !
checkretract(S).

check jeriutation(L,M) subset(LM), subset(M,L),!L

subsequence([],L) :

subsequence([XILI,[XIM]):- !, subsequence(L.M).
subsequence(L,[XIMJ) :- subsequence(LM).

permutemember(X,[XIL]) :-!.
permutemember(X, [YIL]) :- subset(X,Y), subset(Y,X),!
permutemember(X,[YL]):- permutemember(XL).

last([X],X).
last([IILI.Y) :- last(L,Y).

elimndups([],[]).
elirndups( [XIL] M):- singlemember(X,L), !, elimndups(L,M).
elimndups([XIL],[XIMJ): elim~dups(L,M).

uniqueassert(Q) :- Q=..CPIL], length(L,N), abolish(P,N), asserta(Q).

backtracking member(X,[XIL1).

backtrackingjnember(X,[XILI):- backtracking-meniber( X.L).

helpword(help).
helpword(h).
helpword(hiuh).
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